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INTER-RELATIONS    OF    THE    DOMAIN    OF 
NEUROPSYCHIATRY 

ADOLF    MEYER.     M.D. 

BALTIMORE 

The  fact  that  the  American  Neurological  Association  entrusted  to 
me  the  chairmanship  of  this  forty-eighth  annual  meeting  places  on  me 
the  responsihility  of  opening  the  session  with  some  pertinent  remarks. 
I  would  have  these  take  the  form  of  an  attempt  to  answer  a  question 
which  I  consider  of  great  importance  to  us,  namely :  How  can  we  state 
clearly  and  simply  what  constitutes  the  held  of  neuropsychiatry? 

At  this  time  there  is  especial  need  for  clearness  on  this  subject. 
Ours  has  always  been  a  very  responsible  held,  but  today  it  is  all  the 
more  responsible  since  the  war  has  added  large  numbers  of  victims  of 
neuropsychiatric  disorders.  Members  of  this  organization,  among  them 
Th(jnias  \V.  Salmon  and  our  much  lamented  Pearce  Bailey,  shaped  a 
definite  neuropsychiatric  domain.  For  the  first  time  in  the  historv  of 
the  country  psychiatrists  and  neurologists  cast  their  lot  together  in  a 
remarkable  unitary  organization.  Noteworthy  immediate  services  were 
rendered  at  the  front  and  in  this  country  during  the  war.  Now,  as  lies 
in  the  nature  of  our  field,  we  shall  for  years  to  come  have  to  help 
maintain  a  worthy  follow-up  service  for  the  country  and  for  the  men 
and  women  who  rose  to  meet  the  great  emergency.  AMiat  can  be  held 
out  to  the  pul)lic  and  to  the  medical  profession  as  the  foundation,  scope 
and  goal  of  neuropsychiatry  ? 

THE     DOMAIN     OF     NEUROPSYCHIATRY 

The  task  is  not  only  the  care  of  paralyzed  legs  and  arms  and  trouble- 
some nerve  growths  and  brain  lesions  accom|)anicd  l)y  impaired  speech 
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and  other  disorders;  it  is  especially  the  so-called  menial  aspect,  including 
the  understanding  of  the  person;  of  that  aspect  of  the  person  which  is 
likely  to  guide  or  misguide  public  opinion — that  which  constitutes  the 
moods  and  morale  of  the  patients,  and  the  willingness  and  capacity 
to  accept  and  use  assistance,  and  to  develop  a  real  coiiscicucc  about 
health.    All  this  is  the  domain  of  neuropsychiatry. 

My  principal  appeal  in  an  effort  to  formulate  a  generally  intelligible 
and  yet  scientihcally  valid  and  practically  suggestive  delineation  of  the 
main  aspects  of  our  work  leads  me  to  the  following  considerations: 

Every  domain  of  medicine  has,  generally  speaking,  two  problems: 
the  study  and  management  of  the  special  oryan  or  function  on  its  own 
ground,  and  the  study  and  management  of  the  patient  as  an  individual 
personality  and  member  of  a  group,  as  it  affects  the  special  organ  or 
function. 

Neuropsychiatry  is  quite  specifically  responsible  in  both  lines, 
because  the  very  organ  of  concern  to  us  is  also  the  principal  organ  for 
the  integration  of  the  individual  as  a  personality.  It  is,  however,  equally 
essential  that  we  should  recognize  that  some  famih'arity  with  the  science 
of  man  as  a  personality  is  as  necessary  for  the  gastro-enterologist  or 
surgeon  or  any  physician  or  student  of  any  problems  pertaining  to  man, 
as  it  is  for  the  psychiatrist  and  neurologist.  But  it  behooves  the 
neuropsychiatrist  to  know  the  psychobiologic  methods  and  facts 
especially  well,  because  he  deals  with  the  principal  integrating  organ. 
Unfortunately,  there  are  many  who  want  to  make  a  puzzle  out  of  this 
^im])le  pro])osition. 

My  principal  claim  is  that  there  is  no  call  for  the  traditional  attitude 
of  bewilderment  over  how  to  tit  the  personality  facts  into  the  scheme  of 
objective  sciences  and  practical  medical  data.  The  interesting  reasons 
for  the  difficulty  of  physicians  and  laity  in  the  jiresence  of  psychiatry, 
so  admirably  outlined  by  Lewellys  ¥.  Barker  in  his  Bloomingdale 
address  ^  and  what  we  note  from  our  own  experience,  resolve  thetn- 
selves  into  this:  There  is  too  much  of  the  bad  habit  of  expecting  that 
the  mental  problems  and  mental  conditions  should  be  intelligible  out 
of  one's  understanding  of  mere  words  and  ponderings,  when,  as  a 
matter  of  fact,  one  should  have  some  first-hand  experience  with  real 
and  tangible  human  reaction^  ancl  life  factors  and  the  methods  of  work 
with  them. 

THE     PATIENT     A.S     A     ITNIT 

It  SO  ha])pens  that  the  leaders  of  medical  organizations  largely 
familiar  only  with  other  as])ects,  such  as  bacteriology,  i.  e.,  facts  outside 


1.  Barker,  L.  F. :  Psvchiatry  in  fleneral  Medicine:  A  P.sychiatric  Milestone. 
Bloomingflale  Hospital  Centenary.  Privately  printed  by  the  New  York  Hos- 
pital. 1921,  pp.  59-75. 
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of  man,  and  with  physiopathologic  ])art-functi()ns,  have  treated  with 
undue  suspicion  the  effort  of  those  who  see  in  psychology  frankly  and 
directly  the  study  of  the  patient  as  a  unit  or  personality,  and  we  find 
ourselves  today  confronted  with  the  demands  of  an  intelligent  public  to 
furnish  trained  neuropsychiatrists  fit  to  be  social  j^sychiatrists  and 
neuropsychiatrists,  with  the  alternative  that  the  ]ml)lic  mav  have  to  go 
elsewhere,  outside  of  medicine,  for  help. 

Neglect  of  the  simple  common-sense  way  of  recognizing  the  study 
of  the  function  of  the  whole  individual  or  the  patient  in  addition  to 
the  function  of  the  parts  is  largely  responsible  for  much  confusion 
on  the  part  of  the  medical  profession  and  the  public,  whereas,  as  I 
hope  to  show,  its  recognition  in  terms  of  plain  critical  common-sense 
gives  us  a  sound  approach,  scientifically  and  logically,  on  safe  ground 
and  standing  the  test  of  direct  and  simj^le  ap])lical)ility.  objective  and 
constructive. 

Unfortunately  the  ])ublic,  and  e\en  the  medical  ])rofession,  gropes 
for  unsound  types  of  psychology  and  many  a  would-be  neuropsychiatrist 
is  apt  to  talk  confusingly  to  the  profession  and  to  the  public.  A  frank 
acceptance  of  psychology  as  the  study  and  control  of  the  functions  and 
behavior  of  the  individual  organism  as  a  unit  or  personality  gives  us 
a  perfectly  sound  objective  basis  and  sound  methods  of  procedure.  The 
concept  of  integration  and  the  understanding  of  the  principle  of 
symbolization  give  us  the  orderly  natural-history  view  of  man  which 
allows  us  to  do  justice  to  the  whole  personality  and  the  parts,  and  to 
the  demands  of  sound  medical  and  hygienic  practice. - 

The  principle  is  not  difficult  to  grasp.  We  find  that  the  universe  of 
which  we  are  a  part  presents  a  vast  problem  of  science,  that  is,  of 
systematic  formulation  and  experimental  and  practical  control.  The 
all-pervading  realm  of  fact  and  of  method  of  approach  is  that  of  physics 
and  chemistry.  But  the  masses  or  entities  we  meet  are  specifically 
integrated.  From  a  certain  level  of  complexity,  they  show  more  or 
less  individuation  and  constitute  finally  what  we  call  biologic  units  and 
groui)S  of  units.  The  special  types  of  this  whole  large  group  can  be 
presented  in  terms  of  a  fraction,  the  denominator  being  the  formulation 
of  the  facts  of  life  in  general — metabolism,  growth  and  organization  and 
reproduction.  The  numerator  is  one  or  another  type  or  degree  of 
development  of  the  general  biologic  type:  the  ])urely  vegetative  type 
with  only  limited  and  incidental  motion;  then  the  branch  of  life  char- 
acterized by  motion  and  all  that  which  goes  with  the  animal  type  of 
life  forming  the  numerator  of  our  fraction.  Within  this  we  have  first 
the  forms  with  a  type  of  behavior  possible  without  a  nervous  system. 


2.  Contributions   of  Psychiatry  to  the  Understanding  of  Life   Problems,  in 
A  Psychiatric   Milestone,  pp.  21-54. 
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and  other  forms  in  which  the  numerator  crystalHzes  a  definite  nervous 
system  with  a  hteral  organization  of  reflex  process.  It  is  within  this 
tliat  anotlier  specialization  occurs,  namely,  that  of  symbol  activity  and 
what  in  ourselves  we  know  and  describe  as  integration  in  more  or  less 
of  consciousness.  The  swinging  in  of  a  nervous  system  brings  us  an 
organ  working  essentially  as  an  integrator,  with  no  special  meaning 
and  value  as  such,  remarkably  economizing,  little  energy-consuming  and 
with  little  fatigability,  unable  to  live  and  work  by  itself  but  serving  the 
task  of  unification  in  the  form  of  reflexes  and  their  combinations.  On 
this  ground,  among  the  many  exigencies  of  life  there  expands  a  special 
type  of  organization  not  only  of  structure  but  specifically  of  function, 
an  organization  in  what  we  know  as  more  or  less  ''conscious"  activity. 
This  organization  takes  place  through  that  tremendous  development 
which  has  as  its  essence  the  use  of  symbols,  or  symbolization,  in  the 
form  of  sensation  standing  for  certain  facts,  perception  and  images, 
memories,  picture-formation,  and  language,  all  unified  in  subject- 
organization  and  psychobiologic  integration.  Thus  human  behavior 
becomes  the  behavior  of  an  integrated  indi\idual  brought  into  psvcho- 
biologic  organization  with  the  helj:)  of  all  that  which  makes  U])  man's 
specifically  "mental"  equipment  and  symbolizing  or  representative  reac- 
tions hanging  together  in  more  or  less  consciousness.  This  realm  of 
function  is  justly  comljined  into  a  special  topic  of  psychology  or 
psychobiology,  in  contrast  to  or  in  addition  to  the  science  of  reflexes 
which  do  not  involve  symbolization.  and  do  not  depend  on  integration 
with  the  help  of  signs.  Hut  in  distinction  from  tradition  we  do  not 
treat  the  "mental"  or  "conscious"  data  as  a  detached  and  special  purely 
subjective  realm  of  facts;  we  study  them  as  a  special  incident  of  the 
objectively  observable  behavior. 

.\s  .soon  as  sensations  and  ])crceptions,  memories,  images  and  ideas. 
fancy  and  reasoning,  forecasting  and  deliberation,  are  involved  in  reac- 
tion and  actions,  we  find  a  type  of  function  or  behavior  which  consti- 
tutes itself  as  "function  or  behavior  of  the  individual''  in  what  I  call 
subject-organization,  not  merely  as  an  abstract  mind,  as  tradition  has  it. 
but  as  a  specifically  integrated  type  of  activity  of  the  cerebrallv 
integrated  organism;  not  as  a  part  of  a  detached  world  but  as  the 
natural  form  of  a  psychobiologically  integrated  life  and  behavior — 
physics  and  chemistry,  if  you  please,  but  biologically,  vegetatively, 
reflexly  and  psychobiologicall\'  integrated  ])hysics  and  chemistry,  not 
only  dealing  with  new  words  but  with  specific  functions  and  coordina- 
tions and  discriminations  of  behavior  of  definite  kinds  of  organisms. 
Psychobiologically  integrated  activity,  or  behavior  with  the  help  of 
meniation.  or  we  might  say  in  an  even  more  telling  manner,  "behavior 
with  the  help  of  imagination,"  implies  naturally  and  inevitablv  this  new 
development:  the  inclusion  or  insertion  in  the  reflex-type  of  function,  of 
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syiiiboli.ciiig  functions  of  the  highest  possible  saving  in  energy  con- 
sumption; it  iinplics  the  "mental"  actiz'ity,  which,  however,  is  definitely 
recognized  as  cerebrally  integrated  activity  of  the  organism,  but  making 
possible  a  new  "state  of  function,"  the  organization  as  an  "individual 
in  action  as  an  agent  or  subject,"  as  the  "he"  or  "she,"  the  "you"  or  "I" 
we  know  as  a  biologic  individual  and  social  entity.  Just  as  metabolism 
constitutes  the  special  feature  of  the  domain  of  physics  and  chemistry 
that  makes  up  biology,  so  synibolication,  the  development  of  sign- 
function,  establishes  the  psychobiologically  integrated  types  of  organism 
and  function.  Instead  of  acting  as  an  ordinary  mechanistic  reflex- 
machine,  the  organism  constitutes  itself  as  a  subject,  with  all  the  mind 
and  soul  that  our  anthropomorphic  parlance  chooses  to  emphasize, 
attained  through  the  incorporation  of  symbolization  among  the  other 
biologic  or  life-dependent  functions  and  activities. 

SYMBOLIZATION 

The  concept  of  symbolization,  that  is,  treating  the  mentally 
integrated  states  and  activities  as  brought  about  with  the  help  of  sign 
activity  and  its  organization,  is  not  difficult  to  grasp.  It  shows  in  the 
production  of  sign  reactions  from  simple  sensations  up,  that  is,  activity 
not  necessarily  of  any  special  potency  of  effectiveness  by  itself  through 
the  actual  physical  energy-display  it  contains  or  implies,  but  getting  its 
meaning  and  potency  through  its  service  in  an  associative  system,  a 
system  which  constitutes  itself  concretely  as  the  variously  adapted 
subject  or  personality.  It  shows  in  part  individually  and  in  part  socially, 
as  in  the  form  of  gesture,  emotional  display  and  language  and  their 
silent  forms,  built  up  out  of  perceptive-cognitive-discriminative  and 
affective  and  conative  assets  of  response  and  construction.  It  brings 
about  something  that  activity  not  integrated  with  this  help  could  not 
produce  with  such  a  degree  of  differential  adaptation.  Just  as  logarithms 
and  algebraic  notations  bring  in  simplifications  and  new  possibilities 
of  operation,  so  the  introduction  of  the  sensory-cognitive  and  conative 
and  affective  assets  in  overt  form  or  overt  behavior,  or  in  their 
economizing  so-called  "mental"  type  experienced  as  mental  activity  or 
mentation,  gives  us  means  of  psychobiologic  integration,  so  remarkably 
organized  as  using  on  the  same  level  reality  and  fancy,  past,  present  and 
future,  one's  ozvn  ideas  and  those  of  others,  in  overt  effective  and 
expressive  action  or  in  the  specifically  economizing  form  of  implicit 
symbolization. 

lelliffe  and  White  in  their  "Textbook  of  Neurology  and  Psychiatry" 
recognize  this  formulation  and  give  us  the  data  of  neuropsychiatry  in 
three  long  chapters  on  the  physico-chemical  systems  with  the  vegetative 
nervous  system,  the  sensorimotor  systems,  and  the  psychic  or  symbolic 
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systems.  They  give  us  a  very  concise  and  essentially  American  con- 
ception in  a  pithy  paragraph  (p.  21  )  :  "The  Jwrmonc  is  the  type  of  tool 
at  the  physico-chemical  level,  the  reflex  at  the  'sensori-motor'  level,  and 
finally  the  symbol  at  the  psychic  level."  My  own  conceptions  are  very 
similar,  only  I  prefer  to  speak  outright  of  the  vegetative,  the  reflex 
and  the  psychobiologic  types  of  function  or  levels,  and  I  prefer  to  claim 
as  frankly  unnecessary  the  confusing  contrast  of  physical  and  p.sychic, 
as  indicated  in  various  older  discussions  of  mine.^ 

We  have,  then,  a  formulation  of  the  facts  we  deal  with  that  keeps 
us  on  the  ground  of  objective  data,  with  our  eyes  clearly  open  to  the 
specific  precautions  needed  in  this  field  of  relativities,  with  methods 
correspondingly  adapted  and  safeguarded  and  without  any  call  for 
mystical  notions  on  the  one  hand  or  neurologizing  psychophobia  so 
confusing  to  common  sense  on  the  other  hand. 

With  such  a  philosophical  and  practical  conception,  one  learns  to 
subordinate  the  exaggerated  contrast  of  mind  and  body,  and  to  speak 
of  reactions  of  the  internal  or  visceral  organs,  the  nervous  segmental 
and  suprasegmental  organs  and  functions  as  such,  or  as  parts  of  the 
reactions  of  the  cerebrally  integrated  person.  The  nightmare  of  neuro- 
psychiatric  dilemma  has  no  place.  What  the  patient  does,  feels  and 
thinks  ceases  to  be  made  a  puzzle;  one  either  finds  n1)jectivc  facts  calling 
for  one's  attention  or  one  does  not. 

How  do  these  general  conceptions  ])resent  themselves  concretely  ? 
Our  objective  psychobiology  expres.ses  itself  concretely  and  simply  in 
certain  definite  aims  in  our  medical  curriculum.  It  is  my  ambition  to 
organize  the  essentials  as  a  scheme  of  neuropsychiatric  work  that  will 
give  us  a  right  to  insist  on  a  comprehensive  picture  of  the  entire  domain 
and  on  absolute  clearness  of  the  essential  lines  so  that  they  may  become 
usable  in  all  medical  practice.  All  our  medical  schools  of  today  train 
the  student  to  include  a  minimal  number  of  neurologic  routine  tests  in 
any  medical  examination.  But  how  many  medical  teachers  of  today 
and  how  many  neurologists  make  it  an  acknowledged  ])ractice  to  include 
planfully  the  minimal  number  of  questions  and  tests  that  will  draw 
out  the  reactions  disclosing  at  least  the  most  tangible  psychobiologic 
problems?  There  is  no  difficulty  in  this.  (  )nc  simjily  has  to  l)e  at  least  as 
familiar  with  some  ordinary  human  problems  and  standards  of  adapta- 
tion as  one  is  with  the  facts  of  reflexes,  ataxia,  tremor  and  palsies, 
anesthesias  and  decerebrate  rigidity  and  fits.    After  testing  the  principal 


3.  Especially  in  the  review  of  Mocbius  :  The  Hopelessness  of  .All  Psychology, 
Psychol.  Bull.  4:  No.  6  (June  IS)  1907;  an  article  in  J.  Insanity  65:  pp. 
39-52;  and  in  a  later  article  that  may  have  sounded  strange  with  its  provoca- 
tive title:  "Objective  Psychology  or  Psychobiology  with  Suljordination  of  the 
Medically  Useless  Contrast  of  Mental  and  Physical."  J.  A.  M.  A.  65:860  (Sept 
4)    1915. 
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reflexes,  one  should  ascertain  how  the  i)alient  reacts  and  resjxinds  to  a 
minimal  nuniher  of  simple  questions:  What  difficulties  do  you  want 
help  for?  What  is  your  work  and  how  does  it  agree  with  you?  Have 
you  had  any  special  experiences,  or  moods  or  fancies,  fears  or  worries, 
or  imaginations  which  you  could  not  throw  off?  Does  fate  and  every- 
hody  treat  you  all  right?  Mow  does  your  memory  serve  you? 
Wherever  evidence  calls  for  it,  a  small  number  of  performance  tests 
give  us  the  memory  data. 

We  add  today  to  a  reasoned  scheme  of  working  in  anatomic  and 
clinical  neurology  a  gradual  working  out  of  a  general  and  special 
psychobiology  and  psychopathology  for  the  student,  beginning  with  the 
technic  and  practice  of  the  simple  life-study  of  an  average  person  and 
average  problems  of  psychobiology,  and  extending  it  to  the  work  with 
the  fundamental  reaction-types  and  problems  of  psychopathology  and 
psychiatry. 

Instead  of  considering  psychiatry  a  field  of  asylum  diseases,  let  us 
see  what  we  find  wrong  in  behavior  and  mentation,  without  damning 
it  at  the  outset  by  a  terminology  derived  from  merely  possible  terminal 
developments.  The  personality-reactions  present  themselves  to  us  con- 
cretely in  terms  of  reaction-groups:  mood  disorders,  fears,  obsessions, 
states  of  panic,  seclusiveness,  fancy  states,  simple  or  disorganizing,  and 
memory,  retention,  judgment  and  behavior  disorders— plain  facts  which 
do  not  necessitate  any  very  learned  or  bewildering  vocabulary.  We  look 
for  concrete  mismanagement  of  home  situations,  for  discrepancies  of 
ambition  and  performance,  existing  difficulties  and  failures,  problems  of 
adaptation  and  problems  of  desensitization ;  and  doing  so,  we  shall  be 
helpful  to  our  patient  instead  of  sacrificing  him  at  the  altar  of  vocabu- 
laries dealing  with  terminal  states  and  with  fixed  fatalistic  "constitu- 
tions" and  too  dogmatically  fixed  "disease  entities." 

THE     SCOPE     OF     THE     EXAMINATION 

We  must  get  away  from  the  idea  that  one  examines  only  for  some 
all-inclusive  asylum  diseases  like  dementia  praecox  and  manic-depressive 
insanity  and  paresis.  One  examines  primarily  for  the  range  of  personal 
capacity  to  help  in  an  examination  and  to  cooperate  in  any  plan  for 
treatment,  that  is,  assets  as  shown  in  plain  life  problems  and  successes 
and  failures.  If  there  are  any  failures,  one  determines  whether  there 
are  any  toxic  or  infectious  intruders,  any  disorders  of  the  internal 
organs  and  their  functions,  any  neurologic  disorders  (including  the 
suprasegmental  as  well  as  the  segmental  symptoms)  ;  and  finally  any 
disorders  of  behavior  or  of  mental  reactions,  hot  in  the  abstract  but  in 
terms  of  what  the  patient  does  with  the  jobs,  with  the  family,  with 
other  people,  and  with  his  own  worries,  and  feelings,  and  notions  and 
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moods,  the  thoughts  he  cannot  throw  off.  the  memory  and  judgment, 
and  the  speech  and  writing,  and  the  management  of  his  ehminative 
functions  and  sleep  and  appetite.  One  does  not  fish  merely  for  a  few 
so-called  "frontal  lobe  symptoms." 

I  am  more  concerned  with  having  the  best  possible  understanding 
of  the  condition  and  needs  of  the  patient  at  the  time,  than  with  the 
customary  relatively  uncertain  guesses  as  to  the  ultimate  fate.  1  want 
to  make  sure  that  my  attention  is  focused  on  all  the  points  which  might 
make  a  difference  in  the  immediate  treatment  and  guidance  of  the 
patient,  iciflwut  therefore  losing  sight  of  the  long-term  problems,  the 
future  and  the  ultimate  fate.  In  some  conditions,  such  as  delirium, 
agitation,  depression,  or  states  of  panic,  the  immediate  problems  are  as 
clear  and  urgent  as  in  any  acute  disease  of  general  medicine;  in  other 
cases  the  broad  long-term  problems  must  lead  us  rather  than  the  immedi- 
ate appearance,  as  in  the  temporary  spurts  or  temporary  improvements 
of  paresis  or  of  paranoic  or  deterioration  or  psychoneurotic  states.  In 
all  cases  we  need  a  sane  elastic  balancing  of  the  facts,  and  I  feel  that 
we  can  show  that  this  is  possible  with  a  theoretically  and  practically 
sound  scheme,  withotit  leading  the  student  first  through  a  stage  of 
dogmatic  cocksureness  of  ultimately  unattainable  nosology  and  general 
pathologic  assumptions. 

I  am  told  that  when  I  outlined  a  similar  point  of  view  at  the  Hloom- 
ingdale  centenary,  one  of  otir  colleagues  turned  to  his  neighbor  with  the 
remark:  "How  is  this  to  help  us  in  a  case  of  brain  ttmior?"'  It  is 
true  I  did  not  then  discuss  brain  tumors  specifically,  but  the  "Contribu- 
tions of  Psychiatry  to  the  understanding  of  Life  Problems."  But  does 
not  the  plan  of  attack  bring  a  certain  clearness  into  the  study  of  any 
patient  ?  Assume  that  even  the  brain  tumor  patient,  like  E.  W. 
Taylor's  case,  is  one  who  has  for  years  been  troubled  by  obsessions ; 
or  that  the  condition  is  one  of  a  korsakow-like  callosal  syndrome. 
In  the  former  case  we  must  know  that  the  mental  disorder  is  not.  and 
in  the  latter  that  the  mental  disorder  is.  naturallv  accotmled  for  by  a 
focal  disorder.  In  either  case  an  examination  and  sttidy  of  the  facts  as 
we  find  tliem  in  mental  or  ])sychol)iologic  terms  are  necessary  before 
we  di -member  the  data. 

It  is  clearly  important  that  we  should  guide  the  public  to  recognize 
quite  frankly  a  call  for  an  obligatory  practical  pluralism  in  the  use  of 
the  facts  and  methofls  required  in  the  understanding  and  treatment  of 
our  patients.  The  layman  understands  at  once  what  we  mean  by  a 
study  c»f  the  special  organs  and  the  study  f)f  general  conduct  and 
behavior  anfl  mentally  organized  functions.  \\'e  study  not  an  abstract 
"nn'nd"  but  the  functions  and  acti^'itic;  which  constitute  the  facts  of 
mind — just  as  we  might  study  water  and  not  "wetness."  and  living 
fhi)u/s  and  not  life  as  a  detached  ])rol)lem.     'I'o  be  sure,  the  public  with 
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its  ideas  of  a  detached  mind  is  today  as  much  as  ever  under  the  influence 
of  one-sided  fads,  all  kinds  of  one-sided  faith-healing,  and  all  kinds  of 
temporarily  successful  cults;  even  physicians  send  patients  deliberately 
and  without  further  guidance  to  the  healing  cults  and  to  consultants  and 
healers  inadequately  trained — apparently  without  knowledge  of  or  trust 
in  the  conscientious  efforts  of  physicians  with  all-round  training.  As 
a  compensatory  reaction  still  others  refer  the  public  to  a  one-sided 
infection  theory,  or  to  a  one-sided  endocrinology,  or  the  patient  takes 
refuge  with  the  osteopath  or  other  types  of  chiropractor's  work  becausr: 
of  their  grossly  tangible  display  of  curative  efforts — their  doing  some- 
thing with  their  hands,  that  which  gives  the  surgeon  his  name.  Our 
responsibility  is  great.  As  neurologists  let  us  profess  frankly  that  we 
are  really  neiiropsychiatrists,  that  is,  physicians  with  a  comprehensive 
scope  of  interests  and  methods ;  and  let  us  also  see  to  it  that  the  spread- 
ing of  frank  and  intelligible  views  of  the  nature  of  the  life  problems  and 
the  psychobiologic  symbolizing  level  becomes  a  necessary  and  obligatory 
concern  of  the  rank  and  file  of  physicians,  appreciated  in  its  right 
importance  by  both  physician  and  patient. 

A     NEUROPSYCHIATRIC     ASSOCIATION 

W'hetlier,  in  view  of  the  ])ractical  exigencies,  and  for  the  sake  of 
greater  clearness  in  the  mind  of  the  public,  our  Association  should, 
on  the  occasion  of  its  fiftieth  meeting,  call  itself  the  American  Xeuro- 
psychiatric  Association,  in  keeping  with  the  composition  of  its  programs, 
and  in  memory  of  Pearce  Bailey  and  those  who  did  and  do  the  war 
work,  is  a  question  worth  raising.  This  would  not  mean  any  sub- 
merging of  either  neurology  or  psychopathology.  There  will  but  rarely 
be  physicians  who  can  cover  the  whole  field,  and  each  investigator  will 
have  his  own  choice  of  problems.  But  one  thing  is  certain :  \\'e  do 
demand  of  every  one  a  reasonable  training  in  the  entire  domain,  includ- 
ing the  functions  of  the  organism  constituting  the  personality.  We 
want  neuropsychiatrists — not  merely  neurologists  and  not  merely 
psychologists,  but  primarily  physicians  able  to  study  the  entire  organism 
and  its  functions  and  behavior  and  more  especially  the  share  of  the 
nervous  system  and  of  the  general  problems  of  adaptation. 

As  we  deal  with  the  policy  of  the  care  of  the  war  veterans,  let  us 
not  enhance  the  inevitable  traditional  and  personal  difficulties  and  con- 
fusion among  physicians  and  patients  by  overemphasizing  a  split 
between  the  neuroses,  psychoneuroses  and  psychoses,  and  the  like.  Let  us 
remember  that  many  psychoneuroses  as  problems  of  general  adaptation 
are  infinitely  more  problematic  and  difficult  to  treat  than  the  frank 
psychoses.  The  maintenance  of  the  necessary  self-discipline  and  the 
practical  use  of  judgment  is  often  much  more  difficult  to  obtain  in  the 
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so-called  psychoneuroses.  The  actual  work  of  study  and  readjustment 
requires  a  high  degree  of  cooperation  on  the  part  of  the  patient.  Let  us 
do  our  best  not  to  gi\"e  cause  for  outcries  of  indifference  on  the  part 
of  the  physician  through  disregard  of  the  personality  facts,  and  for  the 
patient's  untimely  and  arbitrary  withdrawal  from  experienced  guidance. 
Let  us  see  that  the  policies  can  be  shaped  by  those  who  are  able  to  study 
and  master  the  facts  about  the  parts  as  well  as  the  personality,  by  those 
who  know  best  and  work  most,  rather  than  by  the  sensational  magazine 
literature  and  the  exploiters  of  dissension  in  the  neuropsychiatric  camps. 
To  attain  this  we  have  to  be  creative  and  constructive  and  in  the  front 
line,  and  we  cannot  trust  the  old  policy  of  mere  following  and  drifting 
when  we  come  to  the  psychobiologic  problems.  We  must  travel  under 
one  flag  and  with  a  clear  aim. 

There  may  be  a  few  among  us  who  feel  that  neurology  should  main- 
tain its  exclusive  and  dominant  attitude  by  pointing  to  psychiatry  as 
an  extraneous  and  practically  negligible  asylum  and  sanatorium  field, 
and  that  what  can  be  handled  at  large  should  be  handled  under  a  ver- 
nacular of  general  medical  and  neurologic  camouflage  sparing  the 
public's  feelings  about  the  mind.  Neither  the  conscience  of  the  i:)ro- 
fession  nor  the  state  of  public  opinion  can  drift  profitably  in  this 
manner.  The  mo.st  practical  step  toward  the  solution  of  our  problem 
is  the  rounding  off  of  our  training  among  ourselves  and  in  our  general 
medical  curriculums  by  giving  the  student  and  worker  good  foundations 
for  the  simple  and  every-day  tasks  of  psycholjiology  and  understanding 
of  ordinary  personalities  and  their  i)rol)lems  and  needs.  Let  us  realize 
among  ourselves  that  neuropsychiatry  stands  for  making  organized  and 
critical  medicine  a  field  of  work  with  ])ersonalities  as  well  as  with  the 
part-organs  and  functions,  and  that  while  there  must  be  special  workers 
devoted  to  special  research  in  the  special  fields,  no  physician  and  no 
intelligent  lay  j^erson  can  aft'ord  to  disregard  the  gains  by  the  modern 
readjustment:  the  recognition  of  life  problems  on  the  psychobiologic 
level  of  integration,  the  i)romotion  of  a  training  in  medicine  dealing  with 
the  defective  and  unusual  child,  the  growth  of  interest  in  the  minor 
difficulties  of  human  Ijehavior  and  mentation,  and  the  humanizing  of  the 
work  with  all  states  and  conclitions  of  disease  and  malada])lalion. 

You  may  think  me  visionary  for  expecting  very  mucli  from  a  l)ro;id- 
cast  recommendation  of  apj)arently  a  kindergarten  measure,  yet  my  long 
experience  convinces  me  that  even  sim])le  and  practical  working  habits 
mean  more  than  long  reasoning.  In  every  ordinary  medical  examina- 
tion today  we  require  a  summary  examination  of  reflexes  and  funda- 
mental sensorimc)tor  functions,  and  we  nf»w  add  to  this,  as  e(|ually 
obligatory,  an  inquiry  into  the  patient's  feeling  of  content  or  discontent, 
mf)od  or  spirits,  sjjecial  preoccu|)ations  and  strains,  the  sex-adaptations 
and  the  es.sential  points  of   life-problems  calling   for  proj)er   hygienic 
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regulation.  We  recognize  in  these  inquiries  into  the  assets  and  ten- 
dencies and  problems  of  the  personality  the  basic  and  necessary  round- 
ing off  of  the  study  of  any  patient. 

In  the  patients  in  whom  psychobiologic  problems  predominate,  we 
study  the  reactions  and  resources  of  the  person  as  simply  and  as  fully 
as  we  study  the  reflexes,  accepting  the  data  frankly  as  psychobiologically 
integrated  facts  or  data  of  behavior  of  the  individual  as  a  person. 

We  work  with  a  reasonably  limited  numljer  of  reaction  sets,  that  is, 
groups  of  facts  that  have  a  specific  meaning  to  us.  These  may  be  of 
the  nature  of  part-disorders — the  irritable  weakness  type,  the  anxiety- 
reactions,  the  hypochondriacal,  the  dysmnesic-hysterical,  the  obsessive- 
ruminative  and  the  simple  defect  type  of  facts ;  or  we  consider  the  more 
sweeping  reaction  sets,  the  thymergastic  or  affective,  the  parergastic  or 
twist,  the  dysergastic  or  toxic,  and  the  anergastic  or  organic  defect  com- 
plexes, always  remembering  that  any  one  patient  can  present  more  than 
one  of  these  sets  of  facts.  We  study  the  factors  entering  into  the 
disorders,  the  poisons  and  infections  (exogenic),  the  metabolic  (organ- 
ogenic) components,  and  then  the  constitutional  and  the  more  definitely 
modifiable  and  adjustable  psychogenic  experience-determined  factors 
and  special  function-tendencies. 

The  fundamental  inter-relations  of  neurology  as  the  study  of  the 
part- functions  of  the  nervous  system,  and  of  psychobiology  as  the  .study 
of  the  total  reactions  of  the  individual  integrated  by  the  cerebrum,  are 
only  one  example  of  the  general  call  for  study  of  the  functions  of  the 
parts  and  the  functions  of  the  whole. 

Since  the  nervous  system  forms  the  essential  basis  of  neurology  and 
psychobiology  or  personality-function,  neuropsychiatry  furnishes  the 
general  science  of  man  and  medicine  with  the  simple  as  well  as  the 
detailed  methods  needed  for  the  study  of  structures  and  parts  and  the 
study  of  the  patient  as  an  individual. 

In  all  this  we  are  turning  into  a  planful  teclinic  and  jjhilo.sophy  that 
which  physicians  and  patients  have  always  needed  and  physicians  have 
sometimes  practiced.  Neuropsychiatry  must  work  out  general  methods 
and  principles  to  be  of  service  in  the  practice  of  medicine  as  a  whole : 
and  with  growing  simplicity  and  clearness  neuropsychiatry  may  furnish 
the  veteran  and  the  rank  and  file  of  humanity  a  safe  and  sane  concep- 
tion of  human  life  and  its  health,  and  of  the  range  of  medical 
helpfulness. 

It  is  easy  to  put  it  quite  simply : 

We  consider  it  obligatory  in  the  study  •»f  the  reactions  of  man  not 
only  to  test  the  \m\)\\  and  patellar  reflex,  but  also  a  few  essential  reac- 
tions to  life  ])r(.l)lenis  anrl  the  essential  ways  of  using  and  adapting  one's 
self.  Let  u>  trust  that  such  a  conception  of  neuropsychiatry  may 
become  a  general  one  in  practice  and  in  teaching. 
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The  public  will  then  learn  how  to  use  the  neuropsychiatrist.  and 
especially  how  to  cooperate  and  what  to  expect.  That  the  medical 
profession  appreciates  the  change  is,  I  believe,  adequately  shown  by  the 
frequency  with  which  not  only  long  mismanaged  cases  but  acute  cases 
are  given  the  benefit  of  timely  neuropsychiatric  discussion  and  study 
among  the  junior  members  of  our  medical  staffs.  Let  us  show  the 
world  that  even  we  of  the  older  generation  have  some  of  the  plasticity 
and  vigor  of  ever-growing  youth. 


IN    MEMORIAM 


WALTER     CHANNING,     M.D.,     LL.D. 

1849-1921 

Dr.  Walter  Channing  was  l)orn  in  Concord,  Mass..  April  14,  1849, 
and  died  in  Brookline,  Nov.  23,  1921.  He  came  of  dis^ngnished 
ancestry.  His  father  was  William  Ellery  Channing  and  his  mother  was 
a  sister  of  Margaret  Fuller.  His  mother  died  when  he  was  but  7  years 
old,  and  he  thereafter  lived  for  a  number  of  years,  during  his  formative 
period,  with  his  grandfather,  W^alter  Channing.  who  was  the  first  pro- 
fessor'of  obstetrics  and  medical  jurisprudence  in  Harvard  University. 

Dr.  Channing  was  liberally  educated  at  the  Massachusetts  Institute 
of  Technology,  C(jllege  of  Physicians  and  Surgeons  in  New  York  and 
the  Harvard  Medical  School,  and  in  Vienna.  He  served  as  an  intern 
at  the  Massachusetts  (leneral  Hosi)ital.  His  attention  thereafter  was 
early  turned  to  the  problems  of  the  insane,  and  he  became  an  assistant 
physician  at  the  Asylum  for  Insane  Criminals  in  New  York  and  ai  the 
Insane  Hospital  in  Danvers,  Mass. 

In  1879.  he  ojiened  his  sanatorium  in  Brookline.  which  forthwith 
met  with  signal  success,  and  has  been  continued  since,  of  late  years, 
with  new  buildings,  at  Wellesley,  under  the  supervision  of  his  son- 
m-law,  Dr.  Donald  Gregg.  Dr.  Channing  was  widely  known  as  an 
expert  witness  and  testified,  among  other  notable  cases,  in  the  now 
perhaps  forgotten  trial  of  Guiteau.  In  1900.  he  received  the  degree  of 
LL.D  from  Tufts  College  Medical  School,  an  institution  which  be 
served  as  professor  of  mental  diseases,  from  1895  to  1903. 

His  active  mind  led  him  in  many  directions  of  usefulness.  He  was 
one  of  the  charter  members  and  served  as  the  first  president  of  the 
Boston  Society  of  Psvchiatry  and  Neurology.  He  held  many  positions 
in  medical  societies,  both  local  and  national.  He  was  a  member  of  the 
Vmerican  Neurological  Association,  and  at  one  time  served  as  a  member 
of  its  council.  Among  his  productive  activities  was  the  establishment 
of  a  department  for  mental  diseases  in  the  Boston  Dispensary.  His 
crowning  effort  for  the  better  study  of  the  insane  was  the  establishment 
of  the  Psychopathic  Hospital,  in  Boston,  in  1912.  The  significant  and 
far  reaching  influence  of  this  institution,  although  but  a  decade  old,  is 
being  increasingly  felt  in  the  adequate  study  of  mental  disturbances 
and  especially  in  efforts  toward  their  prevention.  Dr.  Channing  was 
also  influential  in  bringing  the  insane  of  Boston  under  state  control, 
likewise  a  reform  of  far  reaching  significance. 
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In  civil  alTairs.  in  his  adopted  town,  lie  was  no  less  active  and  pro- 
ductive. He  was  instrumental  in  introducing  the  public  swimming 
bath,  a  municipal  gymnasium  and  improvements  in  the  public  school 
svstem.  Bv  right  of  the  hrst  Walter  Channing  being  an  officer  in  the 
Revolutionarv  Army.  Dr.  Channing  was  a  member  of  the  Society  of 
the  Cincinnati  in  Rhode  Island. 

Dr.  Channing's  long  life  was  devoted  essentially  to  one  object: 
improvement  in  both  the  public  and  the  private  care  of  the  insane.  He 
was  fearless  and  unremitting  in  his  efforts  to  bring  about  reforms 
which,  if  not  actually  unpopular,  at  least  excited  little  interest  among 
legislators  and  voters.  His  persistence  and  high  ideals  accomplished 
wdiat  more  sensational  methods  doubtless  would  have  failed  to  achieve. 
He  was  a  useful  citizen  in  the  best  sense  of  the  word,  as  well  as  a 
distinguished  physician  in  his  chosen  field.  The  work  which  he  inaugu- 
rated and  the  interests  wdiich  he  fostered  are  now  established  on  a 
firm  basis.  He  wnll.  in  the  future,  be  looked  on  as  a  pioneer  in  a  held. 
at  that  time  beset  with  prejudice  and  misunderstanding. 

E.  W.  Taylor. 


PEARCE     BAILEY 
1865-1922 


The  "figures  on  the  dial"  are  the  things  of  least  significance  in 
estimating  such  a  life  as  this  that  has  been  with  us.  It  is  true  that 
they  add  poignancy  to  the  regret  that  Pearce  Bailey  has  left  us  so 
soon.  His  activity,  the  influence  of  his  personality  in  the  nian\-  circles 
where  he  was  known,  have  nothing  to  do  with  the  measure  of  years. 
Even  the  fact  of  his  too  early  death  only  removes  his  life  out  of  its  merely 
temporal  significance  to  give  us  a  sense  of  a  perfected  whole  as  his 
legacy  to  us.  To  look  back  on  it  is  to  estimate  the  priceless  experience 
of  acfjuaintance  with  one  who  represented  life  in  its  cultural  possi- 
bilities and  its  directed  activities ;  for  he  showed  us  much  f)f  the  grace 
of  cultural  accomplishment  which  makes  life  effccti\c.  and  he  turned 
such  effectiveness  into  decisive  channels  for  social  betterment.  Such 
mflnence  is  not  checked ;  such  activities  do  not  pass  with  him  who 
initiates  them. 

Pearce  Bailey  was  always  himself  in  this  ])ersonality  of  quiet  influ- 
ence. His  more  definite  works  found  form  most  strikingly  in  recent 
years.  His  fine  cultural  restraint  was  not  that  of  inhibition,  lie  had  a 
ver.satile  ability  which  manifested  itself  in  various  fields,  art.  literature 
and  medicine,  and  in  organized  application  of  his  specialized  medical 
mterest.     His  activities  were  marked  not  bv  their  number  a'one.     Bv 
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the  facility  with  which  they  were  carried  out  and  hy  the  stimulating 
effect  on  those  whom  they  touched,  they  testihed  that  there  was  behind 
them  a  freedom  of  vital  interest. 

His  grace  of  nature,  his  hy  inheritance  and  personal  cultivation, 
was  manifest  in  all  that  went  to  make  up  his  personal  hearing.  It  was 
evident  in  the  product  of  his  ready  pen.  It  gave  him  a  courteous  toler- 
ance to  the  opinions,  even  the  evident  mistakes  and  faults,  of  others, 
rhis  was  not  the  indolent  tolerance  that  ])asses  easily  over  deficiencies 
or  innnature  opinions  or  the  misrepresentations  of  ungrounded  enthu- 
siasms. He  possessed  a  quick  sense  of  disapproval  in  accordance  with 
his  alertness  of  intellectual  comprehension  of  a  situation,  llis  own 
ideals  were  founded  on  sterling  qualities  of  character.  His  criticisms 
or  his  corrections  might  be  winged  by  the  ready  wit  which  was  his, 
a  humor  which  might  even  be  cynical.  Yet  such  correction  flew  straight 
to  its  mark,  eiTective  yet  softened  l)y  a  nature  genuinely  tender  and 
generous.  He  was,  therefore,  not  the  critical  oi)ponent  but  the 
unswerving  reminder  of  what  was  truest  and  best.  His  loyalty  to 
friends  and  colleagues  demanded  a  response  of  high  ideals,  and  it 
mipressed  on  those  with  whom  he  worked  the  necessity  for  definite 
sincere  results. 

The  many  features  which  gave  a  varied  charm  to  the  character  of 
Pearce  Bailev  were  in  i)art  responsil)le  for  a  certain  a])parent  desultori- 
ness  with  which  he  seemed  to  take  up  projects  easily  and  as  easily  lay 
them  down  again.  Yet  the  firmer  qualities  of  vigor  and  definiteness  of 
mterest  manifested  themselves  in  the  sureness  with  which  he  laid  hold 
of  matters  that  could  be  proved  really  worth  while.  The  more  recent 
years  of  his  life  were  devoted  to  those  particular  interests  by  which 
his  name  will  be  remembered  at  large.  These  gave  evidence  of  the 
more  forceful  elements  of  his  character,  while  his  wider  relations  of 
service  into  which  these  duties  led  him  gave  exercise  to  those  personal 
qualities  which  won  for  him  confidence  and  cooperation. 

Pearce  Bailey  was  born  in  New  York.  July  12.  1855.  Me  received 
from  Princeton  University  the  degree  of  bachelor  of  arts  in  1886. 
Three  years  later,  he  received  from  Columbia  University,  the  College 
of  Physicians  and  Surgeons,  the  degree  of  doctor  of  medicine.  His 
medical  training  was  carried  further  by  study  in  Vienna.  Munich  and 
Paris.  Neurology  early  enlisted  his  interest,  and  his  activities  in  the 
neurologic  clinic  of  the  College  of  Physicians  and  Surgeons  led  to  his 
becoming  chief  of  that  clinic  and  later  adjunct  professor  of  neurology. 
He,  however,  did  not  care  greatly  for  teaching,  especially  in  the  more 
pedagogic  sense.  He  could  present  his  su1)ject  in  a  clear  manner,  con- 
vincing because  of  his  own  keen  intellectual  cai)acity  for  penetrating 
and  grasping  his  subject.  He  won  his  way  by  his  courteous  noncon- 
troversial  manner  of  presentation. 
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He  served  as  president  of  the  New  York  Neurological  Society  in 
the  years  1903-1904,  He  was  also  president  at  one  time  of  the  Ameri- 
can Neurological  Society.  He  was  a  member  of  various  organizations : 
the  American  Medical  Association,  the  Pathological  Society,  and  the 
New  York  Academy  of  Medicine.  At  the  time  of  his  death  he  was 
consulting  neurologist  at  several  of  the  hospitals  of  New  York :  St. 
Luke's,  Roosevelt.  New  York  and  others.  He  was  on  the  Commission 
of  the  Association  for  Research  in  Nervous  and  Mental  Diseases. 

His  energies  were  devoted  chiefly  to  the  Neurological  Institute,  an 
institution  which  owed  its  origin  largely  to  him.  It  was  he,  with  Dr. 
Collins  and  Dr.  Fraenkel,  who  realized  the  need  of  such  an  institu- 
tion, and  with  them  he  devoted  himself  to  its  development  and  to  the 
service  which  it  rendered  to  the  community.  His  later  activities  grew 
out  of  a  recognition  of  the  usefulness  of  such  an  institution  and  of  the 
service  that  Dr.  Bailey  had  himself  performed  through  it.  His  way 
led  directly  over  into  the  especial  needs  that  arose  with  our  entrance 
mto  the  ^^'orld  War.  Then  the  institution  became  a  center  for  instruc- 
tion of  medical  officers  in  neurology  and  psychiatry. 

Dr.  Bailey  had  been  working  with  Dr.  Salmon  and  Dr.  I'aton  in 
establishing  ways  and  means  for  meeting  the  neurologic  and  psychiatric 
needs  of  the  war.  Cases  were  to  be  cared  for,  neuropsychiatric  hospi- 
tals were  to  be  established  and  provisions  made  for  their  equipment 
and  administration  and  for  the  selection  of  the  medical  personnel.  His 
ability  to  see  deeply  into  neuropsychiatric  problems  caused  him  to  lay 
particular  stress,  from  the  netiropsychiatric  standpoint,  on  the  care- 
ful selection  of  men  for  the  army.  This  led,  not  to  the  mere  elimina- 
tion of  the  unfit  from  the  army  service,  but  to  the  actual  segregation 
and  treatment  of  such  cases,  as  well  as  to  the  reconstructive  treatment 
of  those  who  later  fell  victim  to  neuropsychiatric  disorders.  Dr. 
Bailev's  work  was  the  forerunner  of  the  strict  ])sychologic  tests  later 
applied  to  the  selection  of  men. 

He  gave  himself  unselfishly  to  this  work,  witlioul  any  material  gain 
to  himself.  He  studied  the  methods  pursued  in  the  hospitals  which 
Canada  established  for  her  men  and  brought  tliis  experience  also  to 
the  service  of  his  own  country.  He  was  recognized  by  the  authorities 
at  Washington,  being  called  there  to  be  a])])ointed  as  head  of  the 
Deijartment  of  Neuroj)sychiatric  Service.  It  was  here  that  full  o])])or- 
tunity  was  given  him  for  the  new  anrl  important  service  which  he  had 
df)ne  so  much  to  inaugurate,  lie  was  honored  with  tlie  title  of  first 
lieutenant-colfHiel  and  then  with  that  of  colonel.  He  was  also  pre- 
sented with  the  distinguished  service  medal  when  he  was  finally  dis- 
charged   from   the  service  in    l''ebruary.    1919. 

His  wisdom,  courage,  broarl  vision  and  initiative  had  so  manifested 
themselves  in  his  administrative  work  that  he  was  urged  to  continue 
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his  public  work.  Jle  was  pressed  {o  accept  the  chairniansliip  of  the 
New  York  State  Commission  for  Mental  Defectives,  which  he  accepted 
from  the  hands  of  Governor  Smith,  continuing  in  this  office  at  the 
solicitation  of  Governor  Miller.  The  latter  has  publicly  expressed  his 
appreciation  of  Dr.  Bailey's  services.  His  work  here  was  not  easy. 
The  tasks  he  undertook  were  not  light  ones.  They  demanded  of  him 
much  that  was  laborious,  but  they  stimulated  his  interest  in  rousing 
the  public  to  the  needs  of  his  field.  Here  his  literary  talent  came  to 
his  assistance.  Only  a  short  time  ago,  an  article  of  his  in  the  Sunday 
Tribune  jnit  the  pertinent  query:  "Shall  the  State  Kill  Children?"  The 
article  was  instigated  by  the  fact  that  two  adults  of  the  mental  age  of 
6  years  had  been  recently  executed  for  murder.  In  his  state  service, 
he  accomplished  nmch  for  the  amelioration  of  conditions  within  the 
institutions  for  the  feebleminded,  as  well  as  in  laying  defmite  founda- 
tions on  which  the  state  shall  continue  to  enlarge  its  sui)ervision  and 
care  of  these  unfortunates.  One  important  step  in  such  ])rogress  is  the 
recent  establishment  at  Napanoch  of  a  new  state  institution  for  segre- 
gating the  defective  delinquent.  It  was  Dr.  Bailey's  personal  effort  that 
thus  succeeded  in  segregating,  for  the  first  time,  defective  delinquents, 
and  showing  that  such  delinquents  should  not  be  dealt  with  as  criminals. 

A  third  achievement  that  marks  these  last  years  is  the  establishment 
of  a  classification  clinic  as  a  department  of  the  Neurological  Institute. 
His  sympathies  for  those  less  fortunate  than  others  in  mental  equip- 
ment led  him  in  the  very  practical  conception  of  a  distriliution  of 
adolescent  boys  along  lines  of  their  actual  capacities.  Therefore,  he 
maugurated  this  psychologic  laboratory,  conceiving  that  the  idea  might 
gradually  extend  itself  until  all  young  people,  normal  and  abnormal, 
should  be  examined  with  a  view  to  determining  their  efficienc}-  and 
aptitude,  and  the  advisability  of  a  college  training  in  each  case,  and  to 
determine  as  far  as  possible  the  inclination  or  fitness  for  certain  voca- 
tions. Only  the  future  can  prove  how  far  his  dream  of  such  a  chain 
of  laboratories,  one  ultimately  at  each  university,  may  be  realizable  and 
productive  of  the  service  expected. 

Each  group  of  those  associated  with  Pearce  Bailey  has  its  particu- 
larly treasured  memories  of  his  personality.  Each  individual  has 
received  his  particular  stinuilus  from  contact  with  him.  The  members 
of  his  working  stafT  can  recall  his  gentle  yet  fearless  disagreement, 
perhaps  with  some  profifered  diagnosis.  He  himself  was  never  hasty 
in  establishino-  a  diagnosis  on  insufficient  grounds.  Only  the  history 
of  the  case  was  sufficient  for  him  for  a  careful  diagnostic  consideration, 
and  even  on  this  he  based  no  arbitrary  certainty.  He  was  hospitable 
to  suggestions  from  any  member  of  his  staft',  but  he  could  receive  no 
opinion  as  of  final  weight  unless  it  was  supported  by  sufficient  reasons. 
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At  society  meetings,  his  presence  was  in  itself  a  distinction,  from 
the  high  quaHty  of  his  personality.  Added  to  this  was  the  ready  presen- 
tation, distinguished  by  his  intellectual  power  and  his  happy  phraseol- 
ogy.  His  marked  ability  to  penetrate  to  the  important  center  of  a 
matter  gave  vividness  and  convincingness  to  his  statements.  His 
ready  pen.  at  the  guidance  of  his  keen  literary  instinct,  made  him  a 
valued  contributor  to  the  meetings  of  the  Charaka  Club.  He  was  the 
author  of  a  number  of  stories,  dramatic  in  character,  which  presented 
m  rich  imaginative  form  material  of  genuine  psychologic  worth.  The 
volumes  of  the  Charaka  Club  contain  a  number  of  these  stories. 

He  published  widely  also  in  the  technical  sphere  of  neurology. 
These  ]nil)lications  were  in  the  form  of  papers,  monogra})hs  and  bro- 
chures. Some  of  his  articles,  appearing  in  the  daily  jiress.  sought 
to  rouse  the  interest  of  the  general  public  toward  those  particular  social 
questions  into  which  his  work  had  led  him.  He  was  the  author  of  one 
book,  first  published  in  1898:  "Accident  and  Injury;  Their  Relation 
to  Diseases  of  the  Nervous  System."  He  was  one  of  the  editors  of 
the  Archives  of  Xeurolcgy  and  Psychi.\trv.  His  article  on  the 
"Relation  of  A^oltaire  to  Medicine"'  is  one  of  his  most  brilliant 
productions. 

The  self -containment  which  marked  his  personal  character  with- 
stood the  test  of  severe  misfortunes  in  his  private  life.  The  loss  of  his 
brilliant  wife,  ten  years  ago,  awakened  the  sympathy  of  all  who  knew 
him,  but  the  loss  proved  the  fortitude  of  his  character.  Our  hearts 
now  can  only  go  out  in  sympathy  to  his  four  young  children,  doubly 

bereaved.  ^- 

Smith    Ely    Jelliffe. 


THE    MECHANICAL    EFFECTS    OF    TUMORS    OF    THE 

SPINAL     CORD 

THEIR     IXFLLT.XCE    CN     SYMPTOM  ATOLO(;V     AXL)     DIAC.XCJSIS 

CHARLES    A.     ELSBERG,    M.D.,    and    BVRON     STOOKEY,    M.D. 

NEW    YORK 

In  cirder  tcj  localize  accurately  a  spinal  cord  tumor — and  by  "locali- 
zation" we  mean  not  only  the  diagnosis  of  the  level  of  the  new  growth 
but  also  the  exact  relations  of  the  growth  to  the  cord — a  definite 
classification  of  the  position  of  such  growths  with  reference  to  the 
surfaces  of  the  spinal  cord  is  necessary.  We  have,  for  many  years, 
grouped  our  tumor  cases  in  the  following  manner  (Fig.  1,  A  and  B). 

All  growths  on  the  posterior  aspect  of  the  cord,  whether  in  the 
median  line  or  laterally,  behind  the  posterior  nerve  roots,  are  classified 
as  posterior  growths;  those  that  lie  on  the  lateral  aspect  of  the  cord, 
in  front  of  the  posterior  roots  but  behind  the  dentate  ligament,  we  call 

TABLE    L — Relation   of   Tumors   to   the   Surfaces   of   the   Cord    (Not 
Including  Those  Between  the  Roots  of  the  Cauda  Equina) 

Location  Extramedullary      Extradural 

Anterior   and   median 1  1 

Anterior    and   lateral 5  4 

Anterolateral     6  2 

Posterior   and   median 1  0 

Posterior   and   lateral 18  3 

Posterolateral    8  3 

Lateral   and  posterior 1  0 

Lateral  or  around    the  cord 1  1 

Totals 41  14 


dorsolateral  growths ;  those  that  lie  laterally,  in  front  of  the  dentate 
ligament  but  behind  the  anterior  roots,  we  call  ventrolateral  growths ; 
finally,  those  that  lie  on  the  anterior  aspect  of  the  cord,  in  the  median 
line  or  more  laterally  but  in  front  of  the  anterior  roots,  we  call  anterior 
or  ventral  growths.  While  tumors  may  occuj^y  more  than  one  of  these 
locations,  it  is  usually  possible — excepting  in  tumors  between  the  roots 
of  the  Cauda  equina — to  place  them  in  one  (>f  these  categories.  In  our 
series  of  spinal  cord  tumors,  64  per  cent,  of  the  growths  lay  dorsally 
or  dorsolaterally,  and  36  per  cent,  were  ventral  or  ventrolateral  (Table 
1  and  Figure  2,  A  and  B). 

There  are,  therefore,  a  considerable  number  of  patients  with  spinal 
cord  tumors  in  whom  the  growth  develops  in  a  location  away  from  the 
posterior  spinal  roots,  and  hence  a  comparatively  large  group  of  cases 
in  which  early  posterior  root  irritation  will  not  occur. 
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Fig.  1.  —  Diagrammatic  classification  of  tumors  in  relation  to  the  cord: 
A,  at  the  level  of  a  nerve  root;  B,  at  the  level  of  a  slip  of  the  dentate  liga- 
ment; r,  ventral  or  anterior;  D,  dorsal  or  posterior;  I'L.  ventrolateral  or 
anterolateral  ;   DL.  dorsolateral  or  posterolateral. 


Fig.  2. — Diagrammatic  representation  of  the  frequency  of  tumors  in  the  dif- 
ferent locations.  The  dorsal  and  dorsolateral  growths  (in  black)  form  64  per 
cent,  and  the  ventral  and  ventrolateral  growths  (in  black  and  white.)  form 
36  per  cent  of  the  tumors. 
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THE     FKEnUEXCV     OF     SUBJECTIVE     SENSORY     DISTURBANCES 

Many  years  ago,  Pearce  Bailey  and  others  called  attention  to  the 
fact  that  cases  of  spinal  tumors  may  have  a  painless  onset,  and  cases 
of  this  kind  are  not  rare.  A  study  of  our  series,  however,  showed  that 
while  pain  is  often  ahsent  there  are  very  few  patients  who  do  not  have 
some  kind  of  sensory  distur])ance  as  an  earlv  svmptom  of  the  disease 
(Table  2). 

Table  2  shows  that  paresthesias  of  one  kind  or  another  were  very 
frequent  in  the  extraniedullary  tumors  in  our  series.  Such  paresthesias, 
especially  if  they  occurred  without  pain,  were  formerly  supposed  to 
indicate  disease  within  the  substance  of  the  spinal  cord.  The  study  of 
our  cases,  however,  has  led  us  to  modify  considerably  our  views  on  this 
subject.  We  have  learned  that  in  ventral  and  ventrolateral  growtlis, 
subjective  paresthesias  are  very  frequent. 

TABLE  2. — Sensory   Symptoms  at  Onset 


Extra- 
niedullary 

Root    pains    19 

Pain  in  back  or  in  neck G 

Pain   in   back,  extending^  down  limbs 1 

Pain  in  homolateral  limb  below  level 1 

Pain  in  contralateral  limb  below  level 2 

Pain  in  both  legs  below  level 2 

Pain  in  rectum 1 

Pain  in  eliest  or   abdomen 2 

Tingling,   burning,  heaviness,  pin  and  needle  sensation 

or  numbness,   homolateral  limb   below  level 1 

Tingling,   burning,  heaviness,  pin  and  needle  sensation 

or  numbness,   contralateral   limb  below  level 5 

Tingling   or  numbness,  both   lower  limbs 3 

Tingling  without  pain  on  same  side 1 

Tingling  without  pain  on  opposite  side 2 

Numbness  or  heaviness,  no  pain 1 

Feeling  of  stiffness,  no  pain 1 

No   sensory  symptoms 1 


Extra- 

Conus and 

Intra- 

dural 

Cauda     medullary 

3 

0 

o 

■1 

1 

i 

2 

V 

0 

1 

0 

0 

1 

0 

0 

0 

2 

0 

0 

1 

0 

2 

0 

1 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

2 

2 

Table  2  shows  that  in  a  number  of  patients  the  first  subjective 
sensory  complaint  was  a  tingling  or  burning  in  the  lower  limb  of  the 
opposite  side.  \\'e  were  at  first  at  some  loss  to  explain  this  contralateral 
symptom.  Five  of  six  patients  Avith  ventrolateral  growths  had  this  con- 
tralateral tingling,  and  in  several  recent  patients  we  have  been  able  to 
localize  correctly  the  tumor  from  this  sNinptom. 

Tumors  that  lie  on  the  ventrolateral  or  the  dorsolateral  aspect  of  the 
cord  are  much  more  apt  to  give  an  early  Brown-Sequard  type  of  motor 
and  sensory  disturbance  than  tumors  in  other  locations.  It  the  disease 
began  with  root  pains,  the  tumor  usually  lay  dorsolaterally ;  if,  on  the 
other  hand,  early  root  pains  did  not  occur,  but  there  were  earlv  con- 
tr.'dateral  paresthesias,  the  growtli  u>ually  lay  on  the  ventrolateral  aspect 
of  the  cord  (Figs.  3,  A  and  B). 

Rarely,  an  extramedullary  tumor  may  develop  without  causing  any 
pain  or  any  subjective  or  objective  sensory  disturbance  for  a  long  period. 
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These  patients  have,  for  many  months  and  sometimes  for  years,  a 
slowly  progressing  spastic  paraplegia  without  any  disturbance  of 
cutaneous  or  deep  sensation.  We  have  seen  two  patients  of  this  type, 
and  in  both  of  them  the  diagnosis  of  spinal  compression  was  made  only 
after  a  prolonged  period  of  observation.  In  one  of  the  patients,  objec- 
tive sensory  disturbances  appeared  only  after  a  lumbar  puncture  had 
been  performed.  In  the  second  patient,  no  sensory  disturbance  could 
be  detected  for  several  years,  although  it  was  repeatedly  looked  for. 

THE      MOBILITY     OF     THE     SPINAL     CORD     AND     THE     MECHANICAL 
EFFECTS     OF     CORD     TUMORS 

The  mobility  of  the  cord,  at  various  levels,  has  a  great  influence  on 
the  symptoms  and  signs  of  an  expanding  lesion  witliin  the  spinal  canal. 


Fig.  3. — Diagrammatic  representation  of  two  types  of  tumor:  A,  tumor  on 
the  dorsolateral  aspect,  and  B,  tumor  on  the  ventrolateral  aspect  of  the  cord, 
that  are  likely  to  give  an  early  Brown-Sequard  picture.  Type  A  usually  begins 
with  root  pains,  Type  B,  often  with  contralateral  parenthesias  below  the  level. 

Both  from  our  anatomic  investigations  and  from  our  observations  on 
the  operating  table,  it  may  be  said  that  a  cord  segment  is  most  movable 
in  anteroposterior  and  lateral  directions,  at  the  level  of  each  pair  of 
spinal  roots.  Our  attention  was  first  called  to  this  fact  in  a  patient  in 
whom  we  wrongly  localized  a  growth  on  the  posterior  aspect  of  the 
cord  on  account  of  well  marked  posterior  column  disturbances.  At  the 
operation,  the  tumor  was  found  and  removed  from  the  anterior  surface 
of  the  cord.  It  had  pushed  the  cord  backward  so  that  the  posterior 
columns  were  pressed  against  the  dura  and  posterior  bony  wall  of  the 
vertebral  canal.  There  was,  in  this  patient,  a  complete  loss  of  vibratory 
and  articular  sensibility  due  to  this  compression  of  the  posterior  columns 
of  the  cord  at  the  afTectcd  level  against  the  bony  wall  of  the  spinal  canal. 
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On  account  of  the  mobility  of  the  cord,  the  dislocation  of  segments 
of  the  cord  by  the  direct  pressure  of  a  soft  tumor  may,  as  in  the  instance 
we  have  cited,  cause  confusing  sensory  disturbances. 

There  is  another  type  of  cord  dislocation,  however,  which  is  not  due 
to  direct  tumor  pressure  and  the  physics  of  which  is  not  at  all  clear 
to  us.  We  first  began  to  investigate  this  subject  some  years  ago  when 
one  of  us  operated  on  a  patient  with  an  extradural  tumor  on  the  lateral 
aspect  of  the  cord,  in  whom  motor  disturbances  first  occurred  on  the 
contralateral  side  of  the  body,  and  in  whom,  at  the  time  of  our  first 
and  of  succeeding  examinations,  the  most  advanced  motor  disturbances 
were  on  the  opposite  side  of  the  body  and  the  most  marked  sensory  loss 
on  the  same  side  as  the  tumor.  This  "reversed  Brown-Sequard" 
syndrome  could  only  be  explained  on  the  basis  of  a  greater  involvement 
of  the  lateral  columns  of  the  cord  on  the  side  opposite  that  on  which 
the  tumor  lay,  and  an  explanation  for  this  condition  had  to  be  sought 
for  in  the  mechanical  changes  that  might  be  produced  by  a  growing 
spinal  cord  tumor.  In  all,  we  have  observed  and  operated  on  six  patients 
with  this  "reversed"  Brown-Sequard  picture.  Two  of  the  patients  had 
extradural  growths,  and  in  four  the  tumor  was  intradural  but  firmly 
adherent  to  the  inner  surface  of  the  dura. 

Although  we  are  fully  cognizant  of  the  law  of  physics  that  in  a  fluid 
medium  pressure  is  transmitted  equally  in  all  directions,  we  do  not 
believe  that  this  law  can  be  made  to  apply  fully  to  the  conditions  which 
exist  within  the  spinal  canal  where  there  is  a  fluid  medium — the  cere- 
brospinal fluid — and  a  more  solid  structure — the  spinal  cord — which 
is  partly  held  in  place  by  nerve  roots  and  by  the  dentate  ligament.  In 
addition,  it  is  important  to  remember  that  the  fluid  medium  which 
surrounds  the  cord  is  more  or  less  in  motion,  and  that,  in  general,  there 
is  a  constant  movement  of  fluid  in  a  downward  direction  (caudad)  on 
the  posterior  aspect,  and  upward  (cephalad)  on  the  anterior  surface  of 
the  spinal  cord. 

Without  attempting  to  solve  the  physics  of  the  process,  we  believe 
that  the  following  is  the  only  possible  explanation  for  the  symptom- 
atology in  the  six  patients  above  referred  to. 

In  Figure  4,  A  represents  an  extradural  tumor  on  the  left  side  of 
the  dural  sac  in  the  earliest  stages  of  its  growth.  When  the  growth 
has  reached  a  certain  size  and  before  actual  pressure  on  the  cord  by  the 
tumor  has  occurred,  the  cord  has  changed  its  position  and  lies  against 
the  dura  and  the  bony  wall  of  the  canal  on  the  side  opposite  that  of  the 
tumor  (Figure  4  B).  The  actual  physical  condition  that  now  exists 
is  this  :  The  right  side  of  the  cord  is  in  contact  with  a  firm  bony  resist- 
ance, w^hile  the  left  side  is  more  or  less  protected  by  a  fluid  water  pad, 
which  distributes  the  pressure  over  that  side  of  the  cord.    At  this  stage. 
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and  as  a  natural  result,  the  right  side  of  the  cord  is  more  involved,  and 
symptoms  referable  to  that  side  of  the  cord  are  more  prominent. 

A  similar  condition  may  obtain  in  the  case  of  a  growth  which  is 
firmly  adherent  to  the  inner  surface  of  the  dural  sac  and  is  not  yet  of 
large  size  (  Fig.  5,  A  and  B).  If.  on  the  other  hand,  the  growth  begins 
from  the  pia,  or  from  the  arachnoid  which  is  bound  to  the  pia  by 
numerous  fine  trabeculae,  the  cord  is  pushed  to  the  side  opposite  that  of 
the  tumor  only  by  the  tumor  itself  when  it  (the  tumor)  has  reached  a 
certain  size  (  Fig.  6,  A,  B  and  C). 

The  conditions  illustrated  by  Figures  4  and  5  will  explain  the  con- 
tralateral symptoms  that  we  have  observed  in  six  of  our  patients.  We 
have,  as  a  result,  arrived  at  the  conclusion  that  a  spinal  cord  tumor 


Fig.  4. — Dia.nrair. n  atic  representation  of  an  extradural  tumnr  on  the  left 
side  of  the  cord:  A,  an  early  stage  of  its  growth  (to  the  right  in  the  diagram) ; 
B,  a  later  stage,  when  the  cord  has  changed  its  position  so  that  the  right  side 
is  in  contact  with  the  dura  and  the  bony  resistance,  while  the  left  side  is  more 
or  less  protected  by  a  water  pad  of  fluid. 

which  begins  with  root  pains  on  one  side  and  motor  disturbances  on  the 
opposite  side  of  the  body  is  probably  an  extradural  or  a  dural  growth. 


THE     INFLUENCE     OF     LUMBAR     PUNCTURE     ON     THE     SYMPTOMS 
AND     SIGNS     OF     LOCAL     SPINAL     COMPRESSION 

If  the  statenvenls  regarding  the  mechanical  effects  of  extradural  and 
of  intradural  tumors  adherent  to  the  dura  are  correct,  then  one  should 
expect  in  these  growths  a  marked  influence  on  spinal  cord  symptoms 
after  lumbar  puncture  and  removal  of  the  spinal  fluid.  This  is  actually 
the  case.  In  ten  of  the  patients  of  our  series,  the  symptoms  and  signs 
of  the  spinal  compression  were  aggravated  after  fluid  had  been  with- 
drawn  by   lumbar   pimcture.     Three   of   the    patients   had   extradural 
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Fig.  5. — Diagrammatic  representation  of  an  intradural  growth  adherent  to 
the  dura.  The  movement  of  the  cord  to  the  right  side  of  the  canal  (the  left 
side  on  the  diagram)  is  similar  to  that  which  occurs  in  extradural  tumors. 
Compare  with  Figure  4. 


Fig.  6.— Diagrammatic  representation  of  a  tumor  originating  from  the  pia 
or  arachnoid  and  adherent  to  the  cord:  A,  B  and  C,  different  stages  of  growth, 
showing  that  the  cord  is  pushed  to  the  opposite  side  of  the  spinal  canal  only  by 
the  size  of  the  growth;  a  different  mechanism  from  that  illustrated  hy  Figures 
4  and  5. 
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growths ;  in  six,  the  growth  was  intradural  but  hrnily  adherent  to  the 
dura ;  in  one  patient,  the  record  was  incomplete.  In  some  of  the 
patients,  the  root  pains  became  more  severe  after  the  lumbar  puncture ; 
in  most  of  them,  the  neurologic  signs  became  aggravated.  Several 
patients  who  had  had  only  moderately  marked  motor  and  sensory  dis- 
turbances before  the  lumbar  puncture  became  completely  paralyzed 
soon  after  the  withdrawal  of  fluid;  and  in  one  patient,  already  referred 
to,  a  loss  of  all  sensation  below  the  affected  cord  level  developed  within 
forty-eight  hours  of  the  puncture. 

It  is  obvious  that  a  growth  adherent  to  the  dura — either  on  its  outer 
or  its  inner  surface — which  had  not  yet  made  much,  if  any,  pressure  on 
the  cord  itself,  would  exert  a  greater  amount  of  pressure  as  soon  as  a 
certain  amount  of  cerebrospinal  fluid  had  been  removed  (Fig.  7).    The 


Fig.  7. — Diagrammatic  representation  of  the  change  in  position  of  an  extra- 
dural tumor  that  may  occur  after  lumbar  puncture  and  withdrawal  of  fluid: 
A,  before  lumbar  puncture,  and  B,  after  lumbar  puncture. 

condition  would  be  entirely  difi'erent  in  the  case  of  most,  or  all,  growths 
that  were  primarily  attached  to  the  pia  or  to  the  inner  surface  of  the 
arachnoid,  or  were  fixed  against  the  cord  by  a  slip  of  the  dentate  liga- 
ment or  by  a  nerve  root.  In  the  latter  instance,  however,  in  spite  of  the 
trabeculae  which  unite  the  arachnoid  to  the  pia,  the  withdrawal  of  spinal 
fluid  by  lumbar  puncture  might  be  followed,  in  the  case  of  a  small 
arachnoid  growth,  by  an  increase  of  preexisting  symptoms  and  signs. 
In  all  our  spinal  tumor  cases,  we  are  now  keeping  careful  records  of 
any  changes  which  may  occur  after  lumbar  puncture  and  we  shall  soon 
be  in  a  position  to  state  how  frequently  such  changes  occur  and  how 
often — if  at  all — they  are  observed  in  other  than  extradural  or  dural 
growths.  From  our  experience  thus  far,  however,  we  believe  that  if 
the  symptoms  and  signs  of  motor  and  sensory  disturbance  become  more 
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marked  after  a  lumbar  puncture  with  removal  of  fluid,  the  diagnosis 
that  the  growth  is  extradural  or  intradural,  adherent  to  the  inner  sur- 
face of  that  membrane,  is  justified. 

THE  FREQUENCY  OF  TENDERNESS  OF  THE  SPINES  OF  THE  VERTEBRAE 
IN  EXTRAMEDULLARV  TUMORS  AND  THE  LOCATION  OF  THE 
TENDER  SPINOUS  PROCESSES  IN  SPINAL  TUMORS  AND  IN  MALIG- 
NANT   DISEASE    OF    THE    VERTEBRAE 

As  regards  the  presence  or  absence  of  tenderness  of  the  spinous 
processes  of  the  vertebrae  in  spinal  tumors,  our  records  are,  unfor- 
tunately, not  complete.     In  some  of  the  patients,  there  was  no  record 
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Fig.  8. — Diagrammatic  representation  of  location  of  tender  spine:  A,  the 
spinous  process  that  is  usually  tender  in  an  extramedullary  tumor;  B,  the 
spinous  process  that  is   tender  in   malignant  disease  of   the   bone. 

at  all ;  in  others,  it  was  recorded  that  there  was  no  tenderness.  In 
twenty-four  of  fifty-two  intradural  extramedullary  growths,  one  or 
more  spinous  processes  were  noted  as  tender.  Of  four  patients  with 
large  tumors  in  the  upper  cervical  cord,  all  of  the  cervical  spines  were 
tender  in  three  ;  in  one  patient  with  a  tumor  at  the  second  and  third 
cervical  segments,  the  second,  third  and  fourth  cervical  spines  were 
sensitive.  In  the  large  tumors  which  involve  the  conus  and  roots  of 
the  Cauda  equina  and  which  usually  filled  up  the  lower  end  of  the  spinal 
canal,  most,  or  all,  of  the  lumbar  and  often  the  sacral  spines  were  tender 
to  pressure.     In  most  of  the  patients  with  tumors  of  the  thoracic  or 
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lumbar  cord,  the  spinous  process  that  was  tender  actually  corresponded 
to  the  segment  affected,  but  not  to  the  level  of  that  segment.  For 
example,  with  a  tumor  at  the  sixth  thoracic  segment,  the  sixth  thoracic 
spine  was  tender,  and  with  a  growth  at  the  twelfth  thoracic  segment  it 
was  the  twelfth  thoracic  spinous  process  which  was  sensitive  to  pres- 
sure. In  other  words,  in  extramedullary  intradural  tumors,  if  any 
spinous  process  is  tender,  it  is  the  one  which  receives  its  nerve  supply 
from  the  posterior  spinal  root  of  the  affected  segment  of  the  cord,  and 
the  tenderness  is  probably  due  to  irritation  of  that  sensory  root  by  the 
manipulation  of  the  spinous  process.  It  is,  of  course,  the  posterior  root 
which  lies  in  proximity  to,  or  is  actually  involved  by,  the  tumor. 

The  location  of  the  tender  spines  with  reference  to  the  level  of  the 
cord  lesion  is  entirely  different  in  malignant  disease  of  the  bony  spine. 
In  these  patients,  as  we  have  often  observed,  the  tenderness  of  the  spine 
corresponds  to  the  actual  affected  vertebra  and  is  a  real  bone  tenderness 
from  the  osseous  lesion.  This  difference  between  the  location  of  the 
tender  spines  in  true  spinal  tumors,  as  compared  with  bone  disease,  is 
of  considerable  value  for  the  differentiation  between  these  two  diseases. 
In  spinal  tumors,  the  sensitive  spine  is  one,  two  or  even  three  lower 
than  the  spine  which  is  at  the  actual  level  of  the  affected  cord  segment ; 
in  bone  disease,  on  the  other  hand,  the  sensitive  spine  is  on  the  actual 
level  with  the  affected  cord  segment  (Fig.  8,  A  and  B). 

CONCLUSIONS 

1.  Tumors  on  the  anterior  and  anterolateral  aspects  of  the  spinal 
cord  are  relatively  frequent  and  form  about  one  third  of  all  cases. 

2.  Although  many  patients  with  spinal  cord  tumors  have  no  pain  at 
the  onset,  the  large  majority  have  some  subjective  sensory  disturbance 
as  an  early  symptom. 

3.  In  some  patients,  objective  sensory  disturbances  are  absent  for  a 
long  period  and  only  appear  after  a  lumbar  puncture  has  been  per- 
formed. 

4.  Tingling,  coldness,  burning  and  other  paresthesias  are  not  rare  in 
extramedullary  growths. 

5.  If  the  tingling  occurs  in  the  contralateral  limb,  below  the  level  of 
the  growth,  there  is  considerable  probability  that  the  tumor  lies  on  the 
ventrolateral  aspect  of  the  cord. 

6.  Intradural  tumors  adherent  to  the  dura  and  extradural  growths 
not  infrequently  press  the  cord  to  the  opposite  side  of  the  spinal  canal 
and  cause  early  motor  symj)toms  on  the  side  of  the  body  opposite  that 
of  the  tumor. 
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7.  If  the  signs  of  motor  and  sensory  disturbances  become  aggravated 
after  lumbar  puncture  and  withdrawal  of  fluid,  it  is  probable  that  the 
growth  is  either  extradural  or  intradural,  and  adherent  to  the  inner 
surface  of  the  dural  membrane. 

8.  Tenderness  of  a  spinous  process  at  the  vertebral  level  of  the 
lesion  points  to  bone  disease ;  tenderness  of  spines  well  below  the  verte- 
bral level  of  the  growth  points  to  an  intradural  extramedullary  tumor. 

DISCUSSION 

Dr.  Hugh  T.  Patrick,  Chicago :  I  should  like  to  ask  Dr.  Elsberg  aljout 
this  tender  area  three  spines  below  the  level  of  the  tumor;  whether  that  applies 
to  all  levels,  and  how  this  tenderness  has  been  elicited  in  his  technic ;  whether 
by  light  percussion  or  by  heavy  percussion  with  the  fist,  or  by  pressure  direct 
or  lateral ;  whether,  as  his  diagram  indicated,  this,  occurring  in  the  dorsal 
region  where  the  spines  descend  a  considerable  distance  below  their  bodies, 
the  tender  spine  might  really  be  from  the  vertebral  body  opposite  the  tumor. 

Dr.  William  G.  Spiller,  Philadelphia:  The  difficulty  of  diagnosis  in  some 
of  these  cases  of  tumor  is  extremely  great.  Where  symptoms  of  root  pain 
and  loss  of  objective  sensation  in  root  or  segment  distribution  are  present,  it 
may  be  only  for  temperature  or  pain  liilaterally  or  unilaterally,  with  other 
symptoms,  the  diagnosis   is  comparatively  easy. 

I  am  quite  in  accord  with  Dr.  Elsberg's  view  that  in  the  absence  of  pain 
there  is  frequently  paresthesia  of  limited  or  of  root  distribution,  which  may 
be  of  quite  as  much  value  clinically  as  the  presence  of  severe  pain  in  root 
distribution. 

Dr.  Elsberg  did  not  explain  the  mechanism  for  his  statement  that  a  uni- 
lateral growth  may  produce  paresthesia  on  the  opposite  side  of  the  body.  It 
is  a  question  whether  this  is  caused  by  the  pressure  on  the  cord  by  the  tumor 
on  the  anterolateral  column  of  the  side  where  the  tumor  is,  or  is  produced  by 
the  contralateral  pressure  on  the  posterior  roots  when  the  paresthesia  is  in 
root  distribution.  Where  pain  is  bilateral  from  the  beginning  it  seems  to  be 
indicative  of  a  centrally  situated  tumor  on  the  posterior  part  of  the  cord, 
irritating  the  posterior  roots  of  both  sides.  Recently  in  a  case  in  which  I 
made  the  diagnosis  of  a  central  posterior  tumor,  at  operation  Dr.  Frazier  found 
the  neoplasm  located  directly  over  the  posterior  part  of  the  cord. 

I  have  thought  that  extradural  tumors  may  be  less  painful  than  intradural 
lesions.  In  two  extradural  growths  that  were  removed  recently  by  Dr.  Frazier, 
there  was  a  process  which  seemed  to  grow  down  into  an  intervertebral  foramen. 
I  am  inclined  to  believe  that  these  tumors  originated  probably  from  a  spinal 
root  and  grew  from  and  not  into  the  intervertebral  foramen,  within  the 
vertebral  column  where  the  resistance  was  less. 

Pain  and  atrophy  confined  to  a  limb  are  extremely  suggestive  of  tumor, 
and  yet  without  other  findings  they  may  be  most  misleading  and  cause  the 
greatest  difficulty  in  localization.  I  recall  a  patient  who  developed  severe  pain 
and  atrophy  in  the  upper  limb  of  one  side,  which  I  thought  might  have  been 
caused  by  brachial  neuritis  or  tumor.  I  could  find  no  evidence  of  pressure  on 
the  cord  and  there  was  no  involvement  of  the  lower  limb  on  the  same  or  the 
opposite  side  and  no  sensory  disturbances  on  the  lower  part  of  the  body. 

The  patient  recovered,  the  condition  probably  having  been  caused  by  neuritis 
of  the  brachial  plexus.     However,  in  two  other  cases  in  which  a   similar  con- 


30  CHARLES    A.    ELSBERG—BVROX    STOOKEV 

dition  existed,  with  one  of  which  Dr.  Strauss  is  familiar,  it  was  a  question 
whether  the  lesion  was  an  extradural  or  an  intradural  tumor.  In  such  cases 
the  roentgen-ray  examination  should  be  of  the  greatest  value,  but  the  plates 
were  not  correctly  interpreted  at  first  and  it  was  not  until  later  that  they 
showed  the  presence  of  an  extradural  tumor. 

In  cases  of  suspected  tumor  of  the  cord  in  which  there  are  no  valual)le  roent- 
genologic findings  and  no  evidence  of  pressure  on  the  cord,  even  though  there 
may  be  some  focal  symptoms,  as  in  the  upper  limb,  it  has  seemed  wiser  to 
wait  until  we  obtain  evidence  of  pressure  on  the  cord  or  roentgen-ray  findings 
of  diagnostic  value.  In  such  a  case,  while  it  is  unfortunate  to  wait  while  the 
tumor  may  be  growing,  nevertheless  it  is  also  unfortunate  to  operate  too  soon. 

Where  there  is  complete  paralysis  or  complete  loss  of  sensation  of  sev- 
eral months'  duration  in  the  lower  part  of  the  body,  we  should  not  be  pessi- 
mistic for  I  have  seen  such  a  condition  disappear  entirely  after  the  removal 
of  a  tumor  on  the  cord. 

The  most  difficult  diagnosis  possibly  is  between  tumor  and  focal  myelitis 
or  syringomyelia. 

I  should  like  to  ask  Dr.  Elsbcrg  whether  the  tenderness  of  the  spine  to 
which  he  referred  might  not  have  been  caused  by  irritation  of  the  roots  at 
their  exit  from  the  vertebral  column. 

Dr.  Mortox  Prince,  Boston :  According  to  Dr.  Elsberg's  diagram,  his 
theory  is  that  the  extradural  tumor  presses  on  the  fluid,  and  that  the  fluid 
transmitting  the  pressure  to  the  cord  shoves  the  latter  across  to  the  other  side  of 
the  canal  against  the  bony  wall,  with  resulting  contralateral  pressure  and  contra- 
lateral sjTTiptoms.  It  seems  to  me,  unless  my  knowledge  of  physics  is  incorrect, 
that  such  an  action  is  an  impossibility.  As  fluid  transmits  pressure  equally 
in  all  directions,  the  pressure  from  the  fluid  should  be  equal  all  around  the 
cord,  from  the  opposite  sides  as  well  as  from  the  side  of  the  tumor.  If  this 
is  true,  the  cord  should  remain  suspended  equally  between  the  tumor  and  the 
opposite  bony  wall.  If  the  cord  were  shoved  across,  it  must  have  been  by 
direct  pressure  of  the  tumor  on  it,  and  the  symptoms  should  have  corresponded. 

Dr.  Smith  Ely  Jelliffe,  New  York:  Two  series  of  observations  concern- 
ing the  possible  aid  that  may  be  ofifered  in  the  diagnosis  of  spinal  cord  tumors 
deal  with  alterations  of  the  pilomotor  reflexes  and  with  the  development  of 
osteo-arthropathies  about  the  joints  and  bony  shafts.  The  studies,  particularly 
of  Andre  Thomas'  of  the  pilomotor,  sudoral  and  local  muscle  reflexes  throw 
much  light  on  spinal  cord  localization  problems,  and  the  observations  of  Mme. 
Dejerine  and  Ceillier"  on  the  osteo-arthropathies  associated  with  spinal  cord 
lesions  are  also  of  great  interest.  In  two  recently  observed  spinal  cord  tumors 
these  newer  findings  were  of  value  in  accurate  localization. 

Dr.  M.  Allen  Starr,  New  York:  I  should  like  to  ask  Dr.  Elsberg  whether 
in  these  diagrams  the  relation  shown  between  the  size  of  the  cord  and  the 
size  of  the  canal  is  anatomic  or  theoretical  ? 

Dr.  Elsberg,  in  closing:  In  the  lantern  slides  that  I  have  shown,  the  rela- 
tion between  the  size  of  the  canal  and  the  size  of  the  cord  is  neither  anatomi- 
cally nor  theoretically  correct.     It  is  purely  diagrammatic. 


1.  Thomas,  Andre:     Le   reflexe   Pilomoteur,   Paris,   Masson  et  Cie,   1922. 

2.  Ceillier,    A.:     Para-osteo-arthropathies    des    paraplegiques,    Paris.    1920. 
Ceillier  and  Mme.  Dejerine:    Rev.  neurol.  1918,  pp.  159.  207.  348;  1919,  p.  399. 
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In  reply  to  Dr.  Patrick's  question,  the  tenderness  of  the  spines  below  the 
vertebral  level  of  the  disease  is  not  the  same  at  all  levels.  It  is  greater  in 
the  lower  thoracic  region  than  in  the  upper  thoracic  or  in  the  cervical  regions. 
This  is  quite  different  from  what  occurs  in  malignant  disease  of  the  bone, 
where  the  tender  spine  corresponds  to  the  vertebrae  involved,  but  not  to  the 
segment  level  of  the  disease.  For  these  reasons  we  have  concluded  that  the 
cause  of  the  tenderness  of  the  spinous  processes  was  different  in  the  two 
affections.  In  the  one  it  is  a  nerve  root  tenderness,  the  spine  being  sensitive 
because  it  is  the  one  supplied  by  the  affected  nerve  root  or  from  the  afifected 
segment,  a  true  bone  tenderness  being  present.  We  have  kept  careful  records 
of  this  tenderness  and  on  going  over  them  we  found  the  surprising  fact 
which  I  have  described.  In  several  instances  we  have  been  able  to  verify  the 
correctness  of  our  conclusions. 

I  do  not  know  whether  the  contralateral  tingling  and  paresthesia  about 
which  Dr.  Spiller  spoke  are  due  to  direct  pressure  on  the  spinothalamic  tracts 
on  the  same  side  or  to  pressure  from  the  other  side.  The  mechanism  is  not 
clear  to  me  and  I  have  only  recorded  tiie  facts  as  we  obtained  them  from  the 
study  of  our  records. 

In  answer  to  Dr.  Prince,  I  do  not  understand  the  physics  of  the  process  ; 
theoretically,  however,  Dr.  Prince  is  correct.  I  attempted  to  gain  information 
on  this  subject  from  several  physicists,  but  I  received  unsatisfactory  replies. 
While  they  all  said  that  the  law  of  physics,  as  mentioned  by  Dr.  Prince,  would 
hold  good,  they  added  that  it  was  perfectly  possible  with  a  movable  fluid  which 
protected  the  cord  on  all  sides  for  the  cord  to  move  to  the  other  side  of  the 
canal.  The  condition  obtained  that  on  one  side  of  the  cord  was  the  resistance 
of  bony  wall,  while  on  the  other  side  was  a  water  pad  which  was  protecting 
the  cord.  Therefore,  it  would  be  possible  to  have  symptoms  from  the  pres- 
sure of  the  cord  on  the  bony  resistance. 
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There  are  few  conditions  the  physician  has  to  treat  which  cause  so 
much  distress  as  that  of  intense  pain  uncontrolled  by  drugs.  A  means 
of  relief  in  selected  cases  is  afforded  by  chordotomy.  The  operation 
will  not  be  entirely  successful  in  every  case  in  which  it  is  employed — 
some  pain  fibers  occasionally  will  escape  the  knife — but  the  operation 
has  now  been  performed  sufficiently  often  to  justify  a  belief  in  its 
efficacy.  It  is  a  delicate  procedure,  requires  a  skilful  technic,  and  is 
not  to  be  undertaken  lightly  by  one  untrained  in  the  surgery  of  the 
spinal  cord.  It  requires  on  the  part  of  the  operator  a  visualization 
of  the  microscopic  anatomy  of  the  cord,  and  a  realization  that  a  slight 
misplacement  of  the  incision  may  cause  motor  paralysis  of  one  or 
both  lower  limbs,  depending  on  whether  the  division  is  unilateral  or 
bilateral.  We  ^  have  written  on  this  subject  previously  and  therefore 
do  not  refer  to  the  literature  at  the  present  time. 

We  report  in  this  paper  eight  cases  in  which  chordotomy  has  been 
performed.  All  but  one  have  not  been  reported  previously,  but  in  this 
one  case  chordotomy  for  certain  reasons  mentioned  in  the  notes  has 
been  performed  three  separate  times  on  the  same  side  of  the  cord.  In 
one  case  (Case  8),  the  operation  was  performed  to  remove  the  intense 
hyperesthesia  above  the  anesthetic  area  produced  by  transverse  myelitis, 
and  was  entirely  successful. 

The  operation  abolished  the  pain  for  which  it  was  performed  in 
six  of  these  cases,  and  gave  decided  relief  from  pain  in  the  remaining 
two  cases.  Four  of  these  were  cases  of  malignant  tumor.  In  one  of 
these,  in  which  the  suffering  had  been  excruciating  and  constant,  the 
relief  was  so  intense  that  the  patient  expressed  herself  by  saying  she 
felt  as  though  she  were  in  heaven.  In  one  case  the  childishness  of 
the  patient  interfered  with  careful  study,  but  there  was  reason  to 
believe  that  much  relief  from  suffering  had  been  obtained.     One  case 


\.  Spiller.  William  G..  and  Martin.  Edward:  The  Treatment  of  Persistent 
Pain  of  Organic  Oriein  in  the  Lower  Part  of  the  Body  by  Division  of  the 
Anterolateral  Column  of  the  Spinal  Cord,  J.  A.  M.  A.  58:1489  (May  18)  1912. 
Frazier,  Charles  H. :  .Surgery  of  the  Spine  and  Spinal  Cord,  New  York, 
D.  Appleton  &  Co.,  1918,  chapter  6.  Ihid. :  Section  of  the  Anterolateral  Col- 
umns of  the  Spinal  Cord  for  the  Relief  of  Pain:  Report  of  Six  Cases,  Arch. 
Neurol.  &  Psychiat.  4:1.37   (Aur.)    1920. 
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occurred  in  an  army  officer  who  had  been  injured  in  the  war.  Chor- 
dotomy  was  performed  three  times  over  a  period  of  nearly  three  years. 
After  the  first  operation  reUef  from  pain  was  great  for  a  period  of 
about  three  months.  Whether  the  relief  from  this  first  operation  was 
felt  for  a  longer  time  than  after  the  later  incisions  of  the  cord  because 
the  operation  then  was  new  to  the  patient,  cannot  be  asserted,  but  this 
is  possible.  More  than  two  years  later  the  chordotomy  was  repeated 
with  relief  again,  but  not  with  complete  cessation  of  pain.  It  was 
then  found  that  certain  fibers  innervating  a  small  strip  on  the  inner 
side  of  the  leg  below  the  knee  and  on  the  inner  sole  of  the  foot,  that 
is,  in  the  distribution  of  the  long  saphenous  nerve,  must  have  escaped 
in  the  section  of  the  cord,  as  it  was  possible  to  produce  pain  here  by 
pressure,  but  the  patient  could  not  localize  the  pain  so  produced  to  the 
part  irritated. 

The  long  saphenous  nerve  was  cut  to  determine  whether  the  pain 
was  of  peripheral  origin  and  could  be  relieved  without  further  opera- 
tion on  the  spinal  cord.  For  a  short  time  this  procedure  relieved  the 
pain.  A  third  chordotomy  was  performed  lower  in  the  cord,  at  the 
tenth  thoracic  segment,  in  the  hope  that  if  any  fibers  had  escaped  in 
the  two  previous  chordotomies,  they  might  occupy  a  difl:erent  situation 
lower  in  the  cord  and  be  caught  by  the  section  of  the  anterolateral 
column  here.  The  persistence  of  pain  in  a  modified  form  in  this  case  was 
so  unlike  the  results  in  the  other  cases  that  we  were  perplexed.  Certain 
observations  convinced  us  that  a  considerable  psychic  element  was 
present.  It  was  found  that  sugar  given  at  certain  times  to  relieve 
pain  did  so  promptly  when  the  patient  believed  he  was  obtaining  more 
powerful  remedies. 

We  had  no  reason  to  believe  that  hemorrhage  occurred  into  the 
spinal  cord  after  chordotomy  in  any  case,  except  possibly  in  one,  in 
which  some  transitory  paresthesia  occurred  in  the  foot  three  or  four 
days  after  a  second  chordotomy  and  some  transitory  dysesthesia  and 
blunting  of  temperature  sensation  but  not  of  pain  sensation  in  the  lower 
limb  after  the  third  chordotomy,  on  the  side  of  the  operation.  Whether 
this  sensory  disturbance  on  the  side  of  the  operation  was  caused  by 
hemorrhage  or  edema  or  by  some  other  lesion,  we  have  no  means  of 
determining,  but  is  probable  that  slight  transitory  impairment  of 
function  was  caused  in  the  side  of  the  cord  opposite  to  the  chordotomy 
at  the  time  of  the  operation  by  the  necessary  manipulation. 

We  feel  convinced  that  no  pain  or  temperature  fibers,  however, 
ascend  in  the  spinal  cord  uncrossed,  as  in  two  other  cases  in  which 
unilateral  chordotomy  was  performed  no  disturbances  for  these  forms 
of  sensation  developed  in  the  lower  limb  on  the  side  of  the  operation. 
On  this  side,  pain,  heat  and  cold  sensations  were  normal  after  unilateral 
chordotomy.     We  feel  convinced  that  this  operation,  either  unilateral 
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or  bilateral,  does  not  distinctly  impair  tactile  sensation  in  the  lower 
limbs,  and  therefore  our  observations  confirm  the  opinion  that  for 
impairment  of  tactile  sensation  the  lesion  must  destroy  more  than  the 
anterolateral  columns. 

We  are  convinced  that  this  operation  when  successfully  performed 
destroys  pain,  heat  and  cold  sensations  in  the  lower  limbs  and  lower 
part  of  the  trunk  when  performed  at  the  proper  level,  although  the 
impairment  of  these  sensations  is  less  intense  over  the  abdomen  in 
some  cases,  probably  because  some  fibers  have  not  decussated  at  the 
level  of  the  incision.  In  some  cases  we  have  observed  that  certain 
fibers  innervating  the  lower  limbs  for  pain  and  temperature  sensations 
escape  in  the  division  of  the  anterolateral  columns.  This  is  not  surpris- 
ing, because  in  the  endeavor  to  spare  the  crossed  pyramidal  tract  it  is 
possible  that  a  few  sensory  fibers  for  pain  and  temperature  escape. 

We  are  impressed  by  the  fact  that  the  bladder  and  rectum  almost 
invariably  escape  damage  in  this  operation.  In  only  one  of  these  cases 
('Case  3)  in  which  a  more  liberal  section  of  the  cord  was  made 
deliberately,  was  there  loss  of  bladder  control  while  the  patient  was  in 
the  hospital ;  in  this  case,  too,  partial  paralysis  of  the  lower  limbs 
occurred,  probably  as  a  result  of  injury  of  the  crossed  pyramidal 
tracts.  One  might  possibly  expect  sympathetic  fibers  for  the  bladder 
and  rectum  to  be  in  the  anterolateral  columns  and  to  be  impaired  by 
this  operation,  but  it  has  seemed  to  us  that  when  such  disturbance  occurs 
from  a  spinal  cord  lesion  the  crossed  pyramidal  tracts  are  damaged. 
W't  are  inclined  to  believe  that  in  the  male  impairment  of  sexual  power 
possibly  may  result  in  the  manner  suggested.  Our  basis  for  this 
hypothesis  is  that  in  one  case  in  which  unilateral  chordotomy  was 
performed  sexual  power  was  lost.  We  mention  this,  feeling  that  one 
case  is  not  sufficient  to  determine  this  matter. 

The  marked  impairment  of  pain  and  temperature  sensations  after 
chordotomy  at  the  fifth  thoracic  segment  usually  is  pronounced  to  about 
2  inches  (5.08  cm.)  above  a  line  passing  through  the  umbilicus,  and 
gradually  shades  ofY  above  this  region.  We  do  not  believe  that  pain 
sensation  is  conveyed  in  the  spinal  cord  in  association  with  deep  pressure 
sensation.  \\'hile  pressure  sensation  is  preserved,  it  is  without  any 
association   with  pain   sensation. 

Clinical  observations  have  shown  us  that  disease  in  the  spinal  cord 
is  able  to  produce  a  dissociation  of  pain  and  temperature  sensations, 
but  our  observations  have  shown  that  division  of  the  anterolateral 
columns  produces,  when  successfully  performed,  a  loss  of  pain,  heat 
and  cold  sensations,  from  which  we  must  conclude  that  fibers  conveying 
these  sensations  are  closely  associated  in  the  anterolateral  column.  We 
have  observed,  for  example,  in  a  case  of  extramedullary  tumor  of  the 
midcervical  region,  that  heat  and  cold  sensations  were  greatly  impaired 
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on  the  opposite  side  of  the  body,  while  pain  sensation  was  normal  in 
this  part.  After  chordotomy  we  have  noticed  that  occasionally  tempera- 
ture sensation  is  lost  and  pain  sensation  greatly  impaired. 

Chordotomy  seems  peculiarly  adapted  to  cases  of  malignant  tumor 
and  affords  relief  to  the  intense  suffering  from  this  affliction.  It  is 
no  small  satisfaction  to  bring  comfort  to  one  afflicted  with  an  incurable 
tumor  who  is  conscious  of  approaching  death  and  is  grateful  for  any 
means  of  making  life  endurable. 

It  is  striking  that  there  has  usually  been  no  serious  implication  of 
the  motor  fibers  to  the  lower  limbs.  In  one  case  (Case  3),  in  which 
the  incision  was  more  extensive  because  of  the  necessity  of  relieving 
unbearable  pain,  there  was  partial  paralysis  of  the  lower  limbs.  The 
possibility  of  this   form  of  paralysis  must  always  be  borne  in  mind. 

We  have  felt  greatly  gratified  that  we  have  had  no  reason  to  believe 
that  extensive  hemorrhage  or  edema  of  the  spinal  cord  has  resulted 
from  the  operation,  although  we  have  mentioned  that  in  one  case 
slight  postoperative  hemorrhage  into  the  cord  substance  was  possible. 
In  no  case  was  there  visible  hemorrhage  at  the  site  of  section. 

We  are  not  surprised  at  the  occurrence  of  some  pain  in  the  trunk 
at  the  level  of  the  operation  following  the  chordotomy  and  lasting  a 
few  days  to  a  week  or  even  longer,  and  on  the  side  of  the  division  of 
the  anterolateral  column,  or  even  on  the  opposite  side.  This  pain 
probably  is  caused  by  the  manipulation  of  the  spinal  cord  in  the 
exposure  of  the  anterolateral  columns ;  it  is  important,  therefore,  that 
the  spinal  cord  should  be  disturbed  as  little  as  possible  during  the 
operation. 

We  have  found  unilateral  chordotomy  sufficient  for  pain  strictly 
confined  to  one  side  of  the  body.  It  is  not  necessary  to  perform  bilateral 
chordotomy  in  such  a  case,  but  when  the  lesion  is  likely  to  implicate 
the  opposite  side  of  the  body  speedily,  bilateral  chordotomy  is  desirable, 
even  though  the  pain  may  be  unilateral  at  the  time  of  operation.  Some 
preservation  of  objective  pain  sensation  does  not  imply  necessarily 
that  the  spontaneous  pain  has  not  been  removed,  but  it  is  always  more 
satisfactory  to  find  a  complete  loss  of  objective  pain  sensation  in  the 
previously  painful  part  after  chordotomy. 

We  have  not  observed  trophic  disturbance  other  than  the  existence 
of  bedsores  in  only  two  of  the  cases,  and  in  one  of  these  (Case  3), 
microscopic  examination  of  the  spinal  cord  after  death  showed  that  the 
crossed  pyramidal  tracts  were  seriously  implicated.  While  there  were 
no  symptoms  of  pyramidal  tract  lesion  in  the  other  case,  we  believe 
that  some  injury  of  this  tract  may  have  resulted,  even  though  the 
symptoms  did  not  indicate  this.  At  all  events,  we  do  not  believe  bed- 
sores are  likely  to  develop  from  division  of  the  cord  confined  to  the 
anterolateral  region. 
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REPORT     OF     CASES 

Case  1. — History. — J.  F.  C,  aged  33.  referred  to  the  neurosurgical  service. 
University  Hospital,  by  Dr.  Foster  Kennedy,  Feb.  9,  1922.  in  September.  1916. 
was  struck  in  the  third  and  fourth  lumbar  vertebrae  by  a  high  explosive 
missile  and  completely  paralyzed  from  the  waist  down,  including  the  sphincters. 
About  thirty-six  hours  later  the  missile  was  removed.  Great  pain  down  the 
legs  persisted.  One  year  before  admission  two  operations  were  performed  on 
the  patient  elsewhere.  At  these  operations,  it  was  reported  a  number  of 
posterior  roots  on  the  left  side  of  the  cord  were  cut.  Following  these  opera- 
tions, there  was  loss  of  sensation  over  a  considerable  area  of  the  lower 
extremities,  but  the  pain  continued  as  before.  Pain  was  always  present, 
chiefly  in  the  left  knee  and  right  ankle,  but  there  were  exacerbations  of  intense 
severity.  It  was  shooting  in  character  and  at  times  agonizingly  severe.  The 
pain  in  the  right  ankle  could  be  controlled  by  morphin,  but  not  the  pain  in 
the  left  knee.  At  times  it  was  even  more  severe  in  the  left  groin  between  the 
area  of  normal  and  of  reduced  sensation.  Pressure  and  especially  pin  prick 
in  this  area  started  paroxysms  of  intense  pain  shooting  down  the  inner  side 
of  the  thigh  on  the  left  side.  Occasionally  it  affected  the  left  testicle.  The 
patient  had  become  tolerant  to  morphin,  taking  from  4  to  8  grains  (0.26  to 
0.52  gm.)  a  day.  He  had  stopped  taking  it  at  various  times  during  the  last 
five  years,  once  for  a  year  and  at  other  times  for  several  months,  but  he  had 
taken  it  continuously  for  nearly  a  year  before  admission.  Mental  vigor  was 
unimpaired.  Sexual  power  was  present  until  the  most  recent  operation,  when 
sensation   was  abolished  from  the  anterior   half  of  the  penis. 

Examination. — The  patient  was  a  well  developed,  well  nourished  man.  He 
was  restless,  sometimes  talkative,  sometimes  apprehensive,  and  at  frequent 
intervals  stopped  anj-  occupation  and  cringed  under  excessive  pain  in  the 
legs,  the  face  becoming  slightly  flushed  and  the  pulse  slow.  When  the  parox- 
ysm had  passed  he  talked  again  in  a  controlled  voice.  Extremities :  The 
upper  extremities  were  normal.  There  was  atrophy  and  flaccid  paralysis  in 
all  muscle  groups  in  the  lower  extremities.  There  was  slight  power  in  the 
flexors  and  adductors  of  the  right  thigh,  but  none  in  the  leg.  The  feet  were 
in  the  equinus  position.  Patellar  and  Achilles'  reflexes  were  lost.  Tapping 
the  adductor  tendon  produced  distinct  contraction  on  the  right  l)ut  not  on 
the  left. 

Objective  Sensation:  Below  the  iliac  crest  on  the  left,  and  extending  down 
from  the  buttock  on  the  right  and  including  the  foot  there  was  anesthesia  to 
light  touch  and  to  pain,  except  for  a  small  area  over  the  internal  malleolus 
which  was  hypersensitive.  A  narrow  band  on  the  right  and  a  liroad  one  on 
the  left  above  the  level  of  anesthesia,  were  hypersensitive  to  light  touch,  and 
especially  to  pin  prick.  On  the  left  side,  pin  prick  here  initiated  a  severe 
spasm  of  pain  down  the  left  leg. 

The  genitalia  and  anus  were  insensitive. 

Subjective  Sensation:  The  most  intense  pain  was  felt  in  the  left  kneo  and 
the  right  foot  along  its  outer  edge  and  in  the  abdomen  at  the  junction  of  the 
anesthetic  and  the  normal  sensory  area  especially  on  the  left  side,  hut  in  the 
latter  place  there  was  never  pain  unless  the  patient  was  examined  or  stimu- 
lated over  this  part.  The  iimer  side  of  the  right  ankle  was  sensitive  to  touch 
or  pin  prick. 

Psychic  effects  were  manifested  by  pain  in  the  lower  limbs.  Any  emotional 
disturbance,  such  as  anxiety  or  great  sympathy,  caused  pain  in  the  lower  limbs. 

Pain  occurred  in  either  lower  limb,  but  never  in  both  at  the  same  time. 
The  pains  began  in  the  feet  and  surged  up.  on  the  left  side,  into  the  testicle. 
Pain  was  felt  to  the  same  level  on  the  right  but  did  not   involve  the  testicle. 

Bladder:  By  recording  the  amount  of  fluid  that  he  had  taken  and  the  time 
which  had  elapsed,  the  patient  knew  when  the  bladder  should  be  emptied,  and 
by  voluntary  contraction  of  the  abdominal  muscles  he  could  completely  evacu- 
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ate  the  bladder,  especially  when  lying  on  his  right  side.  The  abdominal  muscles 
were  greatly  hypertrophied  and  unusually  strong.  He  had  no  movement  of 
the  bowels  without  drugs. 

Operation  and  Course. — On  Feb.  20,  1922,  laminectomy  and  section  of  the 
anterolateral  columns  of  the  cord  were  performed,  at  the  level  of  the  fifth 
thoracic  segment  on  the  right  side  and  at  the  level  of  the  sixth  segment  on 
the    left. 

Feb.  26,  1922  :  The  patient  had  little  pain  ;  the  pain  in  his  right  lower  limb 
was  entirely  gone,  as  well  as  most  of  the  pain  in  the  left  lower  limb. 

Beginning  two  w'eeks  after  the  operation  the  narcotics  were  gradually  with- 
drawn without  the  patient's  knowledge,  and  during  the  last  two  weeks  the 
patient  was  in  the  hospital  he  was  receiving  no  opiates. 

March  16,  1922  (Dr.  Spiller)  :  Pin  prick  over  the  right  thigh  usually  pro- 
duced a  sensation  of  pressure  and  occasionally  of  pain,  but  the  pain  sense  was 
not  normal  and  was  delayed  (that  is,  felt  after  the  pressure).  The  same  was 
true  of  the  right  side  of  the  abdomen  as  high  as  the  umbilicus.  In  the  left 
lower  limb  pain  sense  was  entirely  lost  and  pain  sensation  was  lost  in  the  left 
side  of  the  abdomen  to  about  2  inches   (5.08  cm.)  below  the  umbilicus. 

Heat  and  cold  sensations  were  lost  over  the  right  lower  limb  and  the  right 
side  of  the  abdomen  to  about  1  inch  (2.54  cm.)  above  the  umbilicus,  and  were 
lost  in  the  left  side  of  the  abdomen  to  about  2  inches  below  the  umbilicus. 
The  pain  sensation  was  a  trifle  more  acute  over  the  right  lower  part  of  the 
alidomen  than  over  the  right  thigh. 

There  was  frequent  involuntary  jerking  of  the  right  lower  limb,  inde- 
pendent of  any  purposive  irritation. 

March  30,  1922 :  The  patient  was  discharged,  having  been  completely 
relieved  of  pain.     All  drugs  were  withdrawn. 

April  11.  1922:  A  letter  was  received  from  the  patient  in  which  he  said: 
"I  really  can't  thank  you  for  relieving  me  of  so  much  pain,  but  I  must  make 
the  attempt.     The  pain  has  left  me  in  a  marvellous  degree." 

Case  2. — History. — G.  V.,  aged  50,  admitted  to  the  neurosurgical  service,  uni- 
versity Hospital,  June  28,  1921,  referred  by  Dr.  G.  M.  Piersol,  presented  symp- 
toms of  a  spinal  cord  tumor  at  the  level  of  the  ninth  thoracic  segment. 
November  22,  1921,  an  exploratory  laminectomy  revealed  a  sarcoma  of  the 
vertebral  column  involving  the  spinal  canal  and  pressing  on  the  cord.  That 
portion  of  the  tumor  within  the  canal  was  removed.  Because  of  the  persistent 
and  agonizing  pain,  a  chordotomy  was  advised. 

Operation  and  Course. — Dec.  10,  1921,  section  of  anterolateral  columns  was 
performed  at  the  level  of  the  fifth  thoracic  segment.  The  spinous  processes 
and  laminae  designed  to  uncover  the  fifth  thoracic  segment  were  removed. 
The  anterolateral  columns  on  both  sides  were  sectioned  by  our  customary 
technic.  that  on  the  right  side  about  1  cm.  higher  than  the  left.  In  other 
particulars  the  operation  was  carried  out  without  modification  of  the  usual 
technic.  A  little  oozing  from  the  artery  which  accompanies  the  posterior  root 
on  the  left  side  presented  the  onlj-  difficulty. 

Dec.  20,  1921  (Dr.  Spiller)  :  Heat  and  cold  were  not  recognized  on  the 
right  side  of  the  abdomen  for  10.5  cm.  above  the  upper  margin  of  the  umbilicus, 
and  on  the  left  side  7.5  cm.  above  the  upper  margin  of  the  umbilicus.  Pain 
sensation  was  lost  on  the  right  side  of  the  abdomen  to  2  cm.  below  the  lower 
margin  of  the  umbilicus  ;  occasionally  pin  prick  was  recognized  on  the  right  side 
below  this  line  in  an  indefinite  manner.  Above  this  line  on  the  right  side  pin  prick 
was  felt,  but  apparently  not  in  a  normal  manner  until  the  level  of  the  thermo- 
anesthesia was  approached.  On  the  left  side  pin  prick  was  not  felt  as  high 
as  the  area  of  thermo-anesthesia,  although  occasionally  it  was  recognized 
over  the  lower  part  of  the  left  side  of  the  abdomen  in  an  abnormal  manner. 
The  patient  was  decidedly  childish  in  her  answers  and  tests  had  to  be  made 
with   great   care. 
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From  the  time  of  the  operation  until  the  patient's  discharge,  she  was 
entirely  relieved  of  the  pain  of  which  she  complained  before  the  operation. 
Before  the  operation  the  slightest  jar  of  the  bed  caused  excruciating  pain; 
after  the  operation,  none  at  all.  The  patient  suffered  somewhat  from  root  pains 
at  the  level  of  the  chordotomy.  These  have  been  observed  after  other  similar 
operations  but  are  only  of  a  transitory  nature. 

C.^SE  3. — History. — F.  S.,  aged  49,  referred  to  the  neurosurgical  service. 
University  Hospital,  by  Dr.  D.  D.  Reynolds,  Dec.  19,  1921.  had  her  right 
breast  amputated,  April.  1919,  and  a  resection  of  the  left  breast.  The 
growth  in  the  left  breast  recurred  and  she  received  a  course  of  roentgen-ray 
treatment.  In  April,  1921,  she  began  to  complain  of  pain  in  the  calf  of  the 
right  leg  and  later  from  the  knee  to  the  ankle,  chiefly  on  the  inner  side. 
Later  the  pain  spread  to  the  outer  side  of  the  leg.  to  a  narrow  zone  in  the 
back  of  the  thigh  and  to  the  foot.  It  felt  as  though  something  were  pressing 
on  the  sole  of  the  foot.  Later  she  experienced  pain  in  the  sacral  region  and 
across  the  buttock.  November,  1921,  pain  began  in  the  left  lower  extremity, 
particularly  on  the  inner  side  and  front  of  the  thigh,  but  also  in  the  back  of 
the  thigh,  down  below  the  knee  and  occasionally  in  the  foot.  She  had  severe 
pains  across  the  lower  part  of  the  back  at  times  and  in  the  rectum  and  vagina. 
The  pains  were  sharp  and  shooting  and  almost  constant,  although  there  were 
occasional  remissions.  Recently  the  patient  suffered  from  pain  of  a  neuralgic 
character  over  the  left  eye.  She  had  lost  little  weight  and  felt  that  were 
the  pain  gone  she  would  be  well  and  able  to  take  care  of  her  house. 

Dec.  23,  1921 :  Both  patellar  reflexes  were  very  prompt,  but  equal  and  a 
little  exaggerated.  No  Achilles'  reflex  was  obtained  on  the  right  side.  A 
normal  Achilles'  reflex  was  present  on  the  left.  Lasegue's  sign  was  distinct 
on  the  right ;  it  was  slight  on  the  left.  Pain  was  present  in  both  hip  joints, 
not  so  severe  in  the  left,  and  it  followed  the  sciatic  nerve  on  the  right;  but 
there  was  more  in  the  front  of  the  thigh  than  on  the  left.  It  was  painful  to 
sit  on  the  right  buttock.  No  bladder  or  bowel  disturbance  was  present.  She 
was  never  without  a  sensation  of  discomfort,  and  pain  was  severe  every  day, 
especially  toward  evening.  Moderate  degrees  of  heat  and  cold  w-ere  promptly 
and  correctly  recognized  in  all  parts  of  the  lower  limbs  and  over  the  whole  of 
the  abdomen  and  chest.  The  point  was  always  recognized  correctly  from  the 
head  of  the  pin  in  the  same  parts.  At  times  she  did  not  seem  to  have  acute 
pain  sensation  over  the  abdomen,  but  there  was  probably  no  real  loss  of  pain 
sensation. 

Roentgen-Ray  Report :  There  was  a  metastatic  carcinoma  of  the  fifth  lum- 
bar vertebra  and  both  iliac  bones,  especially  on  the  right  side,  and  probably 
of  the  upper  part  of  the  right  femur.  Chest :  There  was  a  mediastinal  shadow 
which  was  suspicious;  the  right  diaphragm  was  very  high,  suggesting  meta- 
static growth  in  the  liver. 

Dec.  21,  1922:  Bilateral  section  of  the  anterolateral  columns  was  per- 
formed. Part  of  the  first,  all  of  the  second,  third,  and  part  of  the  fourth 
thoracic  spinous  processes  and  laminae  were  removed.  This  gave  ample 
exposure  to  the  fourth  and  fifth  thoracic  segments.  We  were  a  little  uncertain 
at  the  time  as  to  whether  we  had  exposed  the  fourth  and  fifth  or  the  fifth  and 
sixth  thoracic  segments,  as  two  pairs  of  roots  seemed  to  come  off  opposite  the 
base  of  the  third  thoracic  vertebra,  one  opposite  the  upper  portion  and  the 
other  opposite  the  lower  portion,  and  it  was  at  these  respective  levels  at  a 
distance  of  1  and  0.7  cm.  apart,  that  the  sections  were  made,  the  higher  section 
on  the  right,  the  lower  section  on  the  left.  Not  a  drop  of  blood  escaped 
within  the  spinal  canal  during  the  operation.  Section  was  made  as  far  as 
could  be  determined  by  observation,  3  mm.  deep  and  broad,  the  knife  pene- 
trating at  a  point  midway  between  the  posterior  and  anterior  roots  and  com- 
ing out  at  the  anterior  roots. 

Dec.  23,  1921  :  Heat  and  cold  sensations  began  to  be  clearly  recognized  on 
the  abdomen  about  1  inch  above  the  upper  level  of  the  umljilicus  on  the  right 
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side.  The  area  on  the  left  side  was  not  determined  because  the  patient  was 
too  tired.  There  was  no  clear  perception  of  temperature  sensation  in  either  lower 
limb.  Occasionally,  she  answered  correctly  for  temperature  over  the  lower 
part  of  the  abdomen  on  either  side.  It  is  uncertain  whether  this  was  a  guess 
or  not.  Pin  prick  caused  no  pain  below  the  knee  on  either  side.  On  the  front 
and  inner  side  of  each  thigh  she  recognized  pin  prick  occasionally,  but  it 
did  not  seem  to  produce  the  usual  pain.  She  rotated  the  left  lower  limb  at 
the  hip,  had  slight  flexion  of  the  toes  of  her  left  foot  but  no  extension  of  the 
toes  and  no  power  at  the  ankle.  The  same  was  true  of  the  right  lower  limb, 
but  the  voluntary  power  was  not  quite  as  great  in  the  left  lower  limb. 

Dec.  31,  1921  (Dr.  Spiller)  :  There  was  no  distinct  recognition  of  pin 
prick  over  the  front  and  inner  side  of  either  thigh,  although  she  answered 
correctly  occasionally  concerning  pin  prick  of  these  parts.  Pin  prick  was 
felt  indistinctly  over  the  lower  part  of  the  abdomen  on  either  side,  but  it 
required  a  fraction  of  a  minute  before  she  was  able  to  form  an  opinion  of 
the  irritation,  and  the  pin  prick  was  not  as  sharp  as  it  was  at  higher  levels  where 
it  was  recognized  instantly.  This  hypalgesic  area  extended  to  about  1^  inches 
(3.81  cm.)  above  the  upper  level  of  the  umbilicus  on  the  right  side  and  a  little 
higher  on  the  left  side.  It  shaded  off  gradually  into  the  normal  area.  She  had 
not  had  any  pain  in  her  lower  limbs  since  the  operation.  She  said  that  before 
the  operation  she  "suffered  tortures,"  and  that  her  condition  after  the  operation 
was  "like  heaven,"  and  that  it  was  "marvelous."  She  had  had  three  months  of 
terrible  suffering,  waking  on  account  of  the  pain  after  dozing  a  short  time, 
even  after  morphin.  She  was  most  enthusiastic  in  her  expressions  about  the 
relief  of  pain. 

Since  the  operation  she  had  had  incontinence  of  feces.  For  nine  days  she 
had  had  retention  of  urine  and  was  catheterized  every  twelfth  hour.  On  Decem- 
ber 31   she  had  incontinence  of  urine. 

Jan.  5,  1922 :  Power  in  the  lower  limbs  was  much  greater  than  immediately 
after  the  operation. 

Jan.  18,  1922  (Dr.  Spiller)  :  She  was  able  to  flex  the  leg  on  the  thigh  and  draw 
the  foot  up  on  both  sides.  This  was  done  with  effort.  There  was  difticulty  in 
dorsiflexion  of  the  foot  and  toes. 

Tactile  sensation  was  normal  everywhere  about  the  lower  extremities. 

Heat  and  cold  sensations  were  not  entirely  lost  anywhere  in  the  lower  limbs, 
but  were  greatly  disturbed  in  the  lower  limbs  and  over  the  abdomen.  Extremes 
of  temperature  were  occasionally  correctly  recognized  in  the  lower  limbs  and 
still  better  over  the  abdomen. 

There  was  great  disturbance  of  temperature  sensation  to  a  level  about  3  cm. 
above  the  umbilicus  on  the  right  side  and  somewhat  higher  on  the  left  side. 
There  was  not  a  sharp  line  of  definition. 

Pain  sensation  was  affected  in  about  the  same  manner  as  temperature  sensa- 
tion. A  deep  pin  prick  was  occasionally  recognized  as  sharp  over  the  lower 
limbs  and  still  more  so  over  the  abdomen  to  about  the  same  height  as  the  dis- 
turbed temperature  sensation  on  the  right  side  and  about  7  cm.  above  the  umbil- 
icus on  the  left. 

The  shading  off  of  the  area  of  anesthesia  for  pain  and  temperature  was  so 
gradual  over  the  abdomen  that  it  was  impossible  to  make  any  sharp  definition. 

She  could  draw  up  either  lower  limb  at  the  hip  or  knee  and  extend  it.  She 
could  also  flex  the  toes  of  each  foot,  but  had  no  power  in  dorsiflexion  of  the 
ankle  or  the  toes. 

The  patellar  reflex  was  very  feeble;  indeed  it  apparently  was  absent  on  both 
sides  even  with  reinforcement.  The  Achilles  reflex  was  absent  on  both  sides.  The 
lower  limbs  were  distinctly  flaccid. 

She  still  had  a  little  pain  between  the  shoulders  in  the  region  of  the  opera- 
tion, but  since  the  operation  she  had  had  no  pain  in  the  lower  limbs  or  in  the 
abdomen.  She  had  had  a  good  deal  of  distention  of  the  abdomen,  and  when 
this  had  occurred  she  had  had  a  great  deal  of  discomfort.  This  was  not  like 
the  pain  from  which  she  had  suffered  previously. 
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She  was  most  enthusiastic  over  the  relief  from  the  intense  pain  she  had 
experienced  before  operation. 

Jan.  19.  1922:  The  patient  was  discharged. 

A  letter  received  from  the  patient's  husband,  dated  March  20,  1922.  stated  that 
the  operation  had  caused  complete  cessation  of  the  pain  in  the  lower  limbs.  The 
operation,  therefore,  was  entirely  successful  in  the  removal  of  the  pain  for 
which  it  was  performed.    The  patient  had  to  be  catheterized. 

Xecropsv  Examination. — Removal  of  the  spinal  cord  by  Dr.  Grant  was  per- 
mitted after  death.  Carcinoma  nodules  were  found  on  the  roots  of  the  cauda 
equina.  A  transverse  section  of  the  cord  at  the  fourth  thoracic  level,  stained 
by  the  Marchi  method,  showed  considerable  degeneration  of  the  peripheral  por- 
tion of  the  anterolateral  columns  and  of  the  anterior  portion  of  the  direct 
cerebellar  tracts.  The  portion  of  the  white  matter  near  the  anterior  horns  did 
not  show  recent  degeneration,  and  evidently  these  fibers  do  not  degenerate 
upward.  The  section  was  above  the  area  of  operation.  These  fibers  were 
degenerated  below  this  level.  A  section  made  at  the  sixth  thoracic  level  showed 
consideral>le  degeneration  of  the  crossed  pyramidal  tracts  and  of  the  white  mat- 
ter adjoining  the  anterior  horns,  even  in  the  anterior  columns,  liut  not  much 
of  the  periphery  of  the  vertebral  columns. 

Case  4.— Hij/orj.— Mrs.  W.  W.  K.,  aged  34,  referred  to  the  neurosurgical 
service  of  the  University  Hospital  by  Dr.  A.  M.  Ornsteen  and  Dr.  William  G. 
Spiller,  Xov.  19,  1921,  was  well  until  five  years  before,  when  she  began  to  void 
at  frequent  intervals,  with  pain  during  micturition.  About  one  and  one-half 
years  after  the  onset  she  began  to  have  pain  in  the  left  side  of  the  vagina  and 
rectum,  also  in  the  sole  of  her  left  foot.  These  pains  were  shooting  in  char- 
acter, and  came  on  at  intervals  of  a  few  days  and  lasted  for  several  days.  Dur- 
ing some  of  these  attacks,  she  would  have  to  stay  in  bed,  and  walking  would 
make  the  pain  worse.  The  condition  became  worse,  and  in  the  summer  of  1920 
she  was  operated  on  by  Dr.  Floyd  Keene,  who  removed  two  Hunner's  ulcers 
from  the  Ijladder.  She  had  been  slightly  better  since.  She  voided  every  hour 
during  the  day  and  night  and  had  considerable  pain  doing  so.  Lying  on  her 
back  gave  her  pain  in  the  left  sacral  region.  The  pain  was  controlled  only  by 
morphin.    She  took  almost  2  grains   (0.13  gm.)  a  day. 

Examination. — Deep  reflexes  in  the  upper  extremities  were  normal.  Patellar 
reflexes  were  exaggerated  and  equal.  Ankle  reflexes  were  exaggerated,  the 
left  more  so  than  the  right.  Sensation  was  practically  normal,  except  for  a 
slight  hypesthesia  and  hypalgesia  in  the  fifth  sacral  segment  (anal  region). 

Operation  and  Course. — Nov.  26,  1921 :  Section  of  the  anterolateral  column 
at  the  level  of  the  fifth  thoracic  segment  was  performed. 

The  spinous  processes  and  laminae  of  the  fourth  and  fifth  thoracic  vcrtelirae 
were  removed  so  as  to  expose  the  fifth  thoracic  segment.  When  the  dura  was 
opened,  that  portion  of  the  cord,  including  the  right  anterolateral  column,  was 
grasped  with  the  needle  and  section  made  with  a  knife,  2.5  mm.  deep.  The  knife 
was  plunged  straight  in  so  that  the  section  was  square.  At  first  it  appeared  as 
though  the  section  might  have  been  too  deep,  at  least  the  diameter  of  the  cord 
at  this  level  was  quite  small  and  the  needle  looked  relatively  large. 

Nov.  29,  1921  (Dr.  Spiller)  :  The  patient  had  pain  in  the  right  side  of  the 
vagina  and  rectum  for  twenty-four  hours  after  the  operation.  On  November  29, 
she  complained  of  pain  in  the  lower  part  of  the  right  side  of  the  abdomen.  She 
had  pain  over  the  right  side,  partly  as  a  result  of  the  operation.  The  right 
lower  limb  was  a  little  paretic.  The  patellar  reflex  on  the  right  side  was  a  little 
prompter  than  normal ;  she  had  right  abortive  ankle  clonus  and  a  typical 
Babinski  reflex,  but  moved  the  entire  right  lower  limb  freely,  even  the  toes. 
For  twenty-four  hours  after  the  operation  she  did  not  move  the  right  lower  limb. 
She  had  complete  loss  of  heat  and  cold  sensations  over  the  whole  left  lower  limb 
and  abdomen  up  to  5  inches  (12.7  cm.)  above  the  umbilicus  and  extending  close, 
but  not  fullv  to.  the  median  line.     Touch  sensation  was  normal  on  the  left  side. 
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Dec.  1,  1921  (Dr.  Spillcr)  :  The  loss  of  pain,  heat  and  cold  sensation  was 
complete  on  the  left  side  to  about  2  inches  (5.08  cm.)  above  the  umbilicus.  The 
pain  on  the  left  side  had  stopped  completely,  but  she  complained  much  of  pain 
over  the  right  side  of  the  trunk  extending  into  the  right  side  of  the  vagina;  the 
pain  was  worse  in  the  lower  part  of  the  right  side  of  the  abdomen.  This  pain 
may  have  been  caused  by  the  operation  and  referred  from  the  site  of  opera- 
tion, or  it  may  have  been  caused  l)y  lying  on  the  abdomen  during  the  operation. 
The  impairment  of  motion  in  the  right  lower  limb  had  almost  disappeared;  the 
right  knee  reflex  was  a  little  exaggerated,  but  there  was  no  ankle  clonus  on  the 
right,  although  there  was  a  typical  right  Babinski  reflex.  She  moved  the  entire 
right  lower  limb  and  toes  freely.  The  loss  of  pain  and  temperature  sensations 
on  the  left  side  of  the  abdomen  was  well  defined.  She  had  no  diminution  of 
pain  and  temperature  sensations  in  the  right  lower  limb  or  abdomen. 

Dec.  3,  1921  (Dr.  Spill-er)  :  All  pain  in  the  lower  part  of  the  right  side  of  the 
abdomen  stopped  December  2,  and  on  Deceml)er  3  she  had  full  control  over  the 
right  lower  liml^. 

Dec.  10,  1921  (Dr.  Spilier)  :  The  patient  left  the  hospital  on  this  date.  She 
limped  a  little  on  the  right,  but  the  old  pain  had  not  been  present  since  the 
operation.  Movement  in  the  lower  limbs  was  normal,  except  that  she  dragged 
the  right  lower  liml)  a  little  as  she  walked.  There  was  no  change  in  the 
reflexes. 

March  4.  1922:  The  pain  for  which  tlie  operation  was  performed  had  not 
returned. 

Sept.  14,  1922:  Pain  had  persisted  in  the  right  side  of  the  vagina,  right  side 
of  the  bladder,  outer  side  of  the  right  thumb,  and  heel  and  posterior  half  of  the 
outer  border  of  the  right  foot,  and  chordotomy  of  the  left  anterolateral  was 
necessary.  The  operation  had  removed  all  pain  from  the  left  side  of  the 
body,  and  it  was  performed  to  accomplish  this.  She  had  a  little  subjective 
weakness  of  the  right  lower  limb,  felt  only  when  she  tried  to  hurry  in  walking. 

Case  5. — History. — Airs.  H.  W.,  aged  37,  referred  to  the  neurosurgical  ser- 
vice of  the  University  Hospital  by  Dr.  Curtis  Burnam  and  Dr.  R.  M.  Lewis, 
April  22,  1921,  in  August,  1917,  had  had  a  colostomy  performed  for  rectal  car- 
cinoma. December,  1917,  radium  therapy  had  been  administered  under  the 
direction  of  Dr.  Howard  Kelly.  In  January,  1918,  a  modified  Kraske  operation 
had  been  performed  by  Dr.  Kelly.  There  was  general  improvement  until  May, 
1919.  From  that  time  to  April,  1920,  her  condition  became  worse,  and  she 
began  to  use  opiates.  Since  then  the  pain  had  become  more  and  more  unbear- 
able, and  she  had  resorted  to  increasing  doses  of  opiates.  The  pain  was 
referred  to  the  sacrum  and  down  the  right  leg,  sometimes  to  both  legs.  The 
pain  exceeded  her  endurance  and  she  found  life  unbearable.  Before  operation 
she  required  3  grains    (0.19  gm.)   of  morphin  daily. 

Examination. — The  patient  was  emaciated  and  appeared  cachectic.  The 
lower  extremities  were  markedly  atrophied,  and  the  patellar  reflexes 
exaggerated. 

Operation  and  Course. — April  30,  1921  :  Section  of  the  anterolateral  columns, 
right  and  left,  at  the  level  of  the  tenth  thoracic  segment  was  performed.  The 
spinous  processes  of  the  ninth,  tenth  and  eleventh  and  the  laminae  of  the  tenth 
and  eleventh  thoracic  segments  were  removed.  The  cord  was  rotated  first  in 
one  direction,  then  in  the  other,  and  with  the  special  needles  the  anterolateral 
columns  were  isolated  and  sectioned. 

The  day  after  the  operation  the  patient  complained  of  a  sensation  of  constric- 
tion as  by  a  tight  band  about  her  waist  at  the  lower  margin  of  the  ribs.  At 
times  for  several  days  she  had  a  sense  of  suffocation,  which  was  difficult  to 
explain. 

The  wound  healed  by  first  intention,  and  the  stitches  were  removed  on  the 
sixth  day.     On  the  eighth  day,  the  patient  was  up  in  a  wheel  chair.     Ten  days 
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after  the  operation  all  morphin  had  been  withdrawn,  and  the  patient  was  free 
from  pain.  She  could  not  appreciate  the  fact  that  her  pain  had  been  entirely 
subdued. 

Eleven  days  after  operation,  the  patient  became  drowsj',  and  on  the  thir- 
teenth day  she  died  of  meningitis.  The  relief  from  pain  in  this  case  was  strik- 
ing. The  development  of  a  delayed  infection  almost  two  weeks  after  the  opera- 
tion was  hard  to  explain,  except  on  the  grounds  that  in  the  cancerous  cachexia 
of  four  years'  duration  the  patient's  resistance  had  been  lowered.  Subse- 
quently, she  was  free  from  pain,  but  no  objective  examination  had  l;een  made 
as  to  loss  of  pain  and  temperature  sense. 

Case  6. — History. — A.  B.,  aged  53  years,  was  admitted  to  the  neurosurgical 
clinic  of  the  University  Hospital,  Oct.  28,  1921.  In  August,  1919,  a  carcinoma 
of  the  cecum  was  removed.  There  were  no  adhesions  and  apparently  no 
enlarged  glands.  The  patient  made  a  good  recovery,  and  was  well  until  Feb- 
ruary, 1921,  when  she  began  to  have  pain  and  paresthesia  in  the  distribution  of 
the  right  external  cutaneous  nerve — much  like  mcralgia  paraesthetica — and  soon 
anesthesia  and  analgesia.  A  second  exploration  in  April,  1921,  revealed  an 
inoperable  mass. 

The  pain  was  constant  most  of  the  time,  severe,  aggravated  by  walking,  and 
was  wearing  out  the  patient.  Morphin  was  not  tolerated;  it  caused  nausea 
and  vomiting.  If  the  patient  were  free  from  pain,  life  might  be  prolonged  a 
considerable  tiine  in  comparative  comfort,  as  there  was  no  evidence  of  intes- 
tinal obstruction.  With  this  understanding  and  with  this  in  mind,  the  patient 
was  referred  by  her  physician  to  Dr.  Frazier  for  a  chordotomy. 

Operation  and  Course.— Oct.  31,  1921 :  A  chordotomy  of  the  left  anterolateral 
column  was  performed.  The  laminae  and  spinous  processes  of  the  fourth  and 
fifth  thoracic  vertebrae  were  removed.  By  traction  on  the  dentate  ligament, 
the  cord  was  slightly  rotated.  The  special  curved  needle  was  introduced  at  a 
point  midway  between  the  posterior  and  anterior  roots,  and  made  its  exit  at 
the  anterior  root.  The  cord  tissue  included  in  the  curve  of  the  needle,  repre- 
senting a  section  2.5  mm.  broad  and  2.5  mm.  deep,  was  divided  with  a  cataract 
knife.     There  was  no  bleeding. 

Nov.  12,  1921 :  Tactile  sensation  was  normal  in  the  right  lower  extremity, 
except  in  the  former  area  of  anesthesia.  Pain  sensation  was  not  felt  dis- 
tinctly as  pain,  but  was  felt  sufficiently  to  permit  recognition  of  the  point  from 
the  head  of  the  pin.  This  sensation  was  at  times  one  of  pricking  from  the 
point  of  the  pin  or  of  scratching  by  the  fingernail,  but  was  less  acute  than  that 
of  a  pin  prick  on  the  other  limb;  it  was  readily  exhausted.  While  fairly 
acute  at  the  beginning,  the  recognition  of  the  pin  point  was  lost  for  most 
pricks  made  later.  This  disturbance  of  pain  sense  was  present  in  the  whole 
right  lower  limb  and  also,  though  less  marked,  over  the  right  side  of  the 
abdomen  about  up  to  the  level  of  the  umbilicus.  Over  the  right  side  of  the 
abdomen  pain  sensation  was  less  affected  than  in  the  right  lower  limb  and  also 
less  affected  about  the  level  of  the  umbilicus.  In  this  right  abdominal  area,  pin 
prick  was  usually  recognized,  but  much  less  acutely  than  on  the  left  side.  On 
the  left  side  the  plantar  reflex  was  normal ;  ankle  and  knee  reflexes  on  the 
left  were  a  trifle  more  prompt  than  normal ;  possibly  there  was  an  abortive 
ankle  clonus  on  the  left.  Thermal  :  Ice  and  hot  water  were  not  recognized  on 
the  entire  right  lower  extremity.  All  over  the  lower  part  of  the  right  side  of 
the  abdomen  ice  was  called  pin  prick  to  2  or  3  inches  above  the  umbilicus,  and 
very  hot  water  was  occasionally  recognized  correctly,  but  with  much  less 
intensity  than  over  the  corresponding  area  on  the  left  side. 

Dec.  12,  1921  :  Pain,  heat  and  cold  sensations  were  lost  in  the  right  lower 
limb,  immediately  recognized  on  the  right  side  of  the  abdomen  above  Poupart's 
ligament,  but  not  so  keenly,  and  these  sensations  became  more  acute  as  the 
region  of  the  uml)ilicus  was  approached.  On  the  right  side  of  the  abdomen 
she  confused  heat  and  cold  sensations.  She  could  not  distinguish  one  from 
the  other  clearly  to  about  3  inches  above  the  umbilicus.  While  she  recognized 
pin  prick  on  the  right   side  of  the  abdomen,  the  sensation   was  not  as  sharp 
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as  on  the  left  side  of  the  abdomen.  The  impairment  of  temperature  sensation 
extended  a  little  higher  than  impairment  of  pain  sensation  on  the  right  side  of 
the  abdomen.  There  was  no  weakness  of  the  left  lower  limb,  and  no  upward 
movement  of  the  left  big  toe  in  the  Baliinski  reflex.  There  were  no  diminution 
of  pain,  heat  and  cold  sensations  in  the  left  lower  limb.  She  had  "creeping 
sensation,"  that  is,  some  numbness  from  the  right  hip  to  the  knee. 

She  had  had  almost  entire  relief  from  pain  on  the  right  side  since  the 
operation. 

She  had  had  a  sense  of  fatigue  in  the  left  side  of  the  abdomen  and  the  left 
hip  since  the  operation;  this  was  not  a  true  pain,  but  more  in  the  nature  of 
an  ache,  and  was  sometimes  relieved  l^y  changing  the  position. 

Feb.  19,  1922 :  There  was  an  indefinite  area  about  the  inner  and  anterior 
aspect  of  the  knee,  in  which  a  needle  prick  was  distinctly  perceived  as  sharp, 
and  was  decidedly  uncomfortable.  The  analgesia  extended  to  about  the 
inguinal  region,  but  the  horizontal  upper  border  was  not  sharp.  Above  that, 
as  high  as  the  level  of  the  umbilicus,  there  was  an  area  in  which  pain  sense 
seemed  rather  less  acute  on  the  right  than  on  the  left,  but  testing  with  a  sharp 
needle  showed  there  that  pricks  were  painful.  There  had  not  been  a  return 
of  spontaneous  pain  in  the  right  lower  limb.  Indeed,  there  had  not  been  severe 
pain  anywhere. 

Case  7. — History. — H.  E.  H.  D.,  aged  47,  admitted  to  the  neurosurgical  ser- 
vice of  the  University  Hospital,  Aug.  26,  1921,  on  Oct.  21,  1916,  was  wounded 
by  a  high  explosive  shell  in  the  battle  of  the  Somme.  A  diagnosis  was  made 
of  compound  fracture  of  the  right  ilium  with  sciatic  nerve  involvement.  For 
four  weeks  following  the  operation  the  right  leg  was  paralyzed  and  numb. 
He  had  had  no  sensation  from  the  hip  down.  When  sensation  and  motion 
began  to  return,  the  pain  developed,  soon  becoming  severe.  He  remained  in 
army  hospitals  for  eighteen  months,  the  wound  in  the  back  healing  one  month 
before  discharge.  He  returned  to  his  home  in  Canada  in  May,  1918,  suffering 
severe  pain  without  any  relief  from  medication.  In  May,  1919,  he  was  operated 
on  at  the  University  Hospital  (chordotomy),  and  for  six  weeks  subsequent 
to  operation  he  was  free  from  pain,  though  conscious  of  a  sensation  in  the 
foot,  which  was  not  annoying.  The  "real  pain"  returned  al)out  the  end  of 
July  or  August,  1919.  The  pain  before  the  operation  was  referred  to  the  thigh 
as  well  as  the  foot;  in  fact,  it  was  more  intense  in  the  thigh  than  at  any  other 
place.  Since  the  operation,  when  the  pain  returned,  it  was  referred  only  to 
the  foot  and  had  continued  there  ever  since;  it  began  in  the  heel  and  extended 
along  the  sole  to  the  big  toe.  The  pain  varied  in  intensity,  but  in  some  degree 
it  was  continuous,  almost  always  confined  to  the  foot,  but  occasionally  felt  in 
the  lower  part  of  the  thigh,  posteriorly. 

Examination. — Aug.  31,  1921  (Dr.  Spillcr)  :  Sensation:  There  was  a  distinct 
diminution  of  heat,  cold  and  pain  sensations  in  the  right  side  of  the  abdomen 
be!ow  the  level  of  the  umbilicus,  still  greater  in  the  anterior  part  of  the  right 
'.high  and  still  greater  on  the  inner  side  of  the  right  leg.  This  impairment 
was  present  to  about  1  inch  above  the  umbilicus,  but  shaded  off  so  gradually 
into  the  normal  sensory  area  that  a  sharp  definition  was  impossible.  Tactile 
sensation  was  normal  over  the  right  side  of  the  abdomen,  anterior  part  of  the 
right  thigh  and  inner  side  of  the  right  leg.  It  was  greatly  impaired  down  the 
outer  side  of  the  leg  and  dorsum  and  sole  of  the  right  foot. 

The  patient  said  that  the  pain  was  precisely  as  it  was  before  the  operation 
in  both  frequency  and  severity.  It  was  evident  that  he  had  had  a  partial  but 
not  a  complete  interruption  of  the  pain  and  temperature  fibers  from  the  right 
lower  limb. 

Reflexes:  The  left  Achilles  reflex  and  the  left  patellar  reflex  were  normal. 
The  right  patellar  reflex  was  weak.     The  right  Achilles  reflex  was  absent. 

Operation  and  Course. — Sept.  20,  1921 :  Two  spinous  processes  were  exposed 
and  isolated  above  the  previous  laminectomy,  but  only  one  of  these,  the  lower 
one,  was   removed,  together  with  the   corresponding  lamina.     There  had  evi- 
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dently  been  partial  regeneration  of  the  lamina  next  below.  The  special  needle 
was  introduced  at  a  point  on  the  left  aspect  of  the  cord  midway  between  the 
origin  of  the  anterior  and  posterior  roots.  As  much  tissue  as  the  needle  would 
contain  was  divided.  There  was  no  bleeding  within  the  dural  sac,  with  the 
exception  of  that  which  arose  from  the  artery  accompanying  the  posterior  root 
at  the  level  of  section. 

Sept.  21.  1921  (Dr.  Spiller)  :  On  September  20,  an  attempt  was  made 
to  cut  one  segment  higher  than  at  the  previous  chordotomy  on  the  left 
side.  As  a  result,  the  patient  had  complete  loss  of  pain,  heat  and  cold 
sensations  in  the  anterior  part  of  the  right  thigh  and  over  the  right  side 
of  the  abdomen  up  to  a  line  passing  about  1  inch  above  the  umbilicus.  Here 
the  differentiation  between  pain  and  cold  was  sharp,  but  for  heat  not  quite  so 
sharp.  This  level  corresponds  to  the  eighth  thoracic  segment.  The  patient  had 
attacks  of  pain  on  the  evening  of  the  operation  beginning  in  the  right  foot  and 
not  extending  above  the  ankle.  There  was  a  sensation  of  constriction  quite 
unlike  anything  he  had  ever  had  before,  possibly  the  result  of  irritation  of  the 
central  end  of  the  fibers  in  the  spinal  cord.  This  sensation  of  painful  con- 
striction was  not  associated  with  any  sensation  of  burning  or  coldness.  The 
left  lower  limb  felt  heavy,  but  he  moved  it  freely  and  wiggled  the  toes. 

Tactile  sensation  was  preserved  in  the  anterior  part  of  the  right  thigh 
and  in  the  right  side  of  the  abdomen. 

Sept.  26,  1921  (Dr.  Spiller)  :  On  September  24,  the  patient  had  paresthesia 
in  his  left  foot,  which  persisted,  although  it  was  not  continuous.  He  could 
not  describe  the  condition  satisfactorily.  The  condition  was  not  unlike  the 
sensation  produced  by  an  insect  crawling  over  the  foot,  but  was  not  always 
of  the  same  character.  It  was  never  painful.  He  still  had  complete  loss  of 
pain  sensation  to  about  1  inch  above  the  umbilicus  on  the  right  side.  The  pain, 
which  had  developed  since  the  operation,  persisted  in  the  right  foot;  it  was 
unlike  anj-  sensation  he  had  ever  had  previously,  but  he  said  that  if  he  never  had 
any  more  acute  pain,  he  could  bear  it  easily.  The  pain  about  the  chest,  in  a 
band  just  above  the  level  of  the  operation,  was  probably  due  to  the  manipu- 
lation of  the  cord  at  the  operation,  and  was  slight. 

Sept.  28,  1921  (Dr.  Spiller)  :  Paresthesia  of  the  left  lower  liml)  had  been 
less  during  the  last  twelve  hours  than  at  any  time  since  September  2i.  This 
sensation  had  never  been  one  of  pain.  The  patient  was  entirely  unable  to 
describe  it  adequately.  The  sensation  was  not  one  of  numbness,  tingling,  the 
feeling  of  insects  crawling  over  the  skin,  or  of  the  part  "being  asleep."  The 
sensation  of  pain  for  pin  prick  and  of  heat  and  cold,  objectively  tested,  was 
normal  in  the  left  foot,  as  in  the  left  upper  limb.  Pain,  heat  and  cold  sensa- 
tions were  still  completely  lost  to  about  1  inch  above  the  umbilicus  on  the 
right  side.  Spontaneous  pain  in  the  right  foot  had  been  less  during  the  last 
twelve  hours. 

Oct.  5,  1921  (Dr.  Spiller)  :  The  curious  feeling  of  paresthesia  in  the  left 
foot  was  much  diminished,  but  the  pain  in  the  right  continued  practically 
unchanged. 

Oct.  8,  1921  (Dr.  Spiller)  :  Heat  and  cold  sensations  were  completely  lost 
in  the  whole  right  lower  limb  and  over  the  right  side  of  the  abdomen  as  high 
as  a  line  about  1  inch  aljove  the  utnbilicus.  Above  this  for  about  2  inches  there 
was  a  disturbance,  but  not  loss  of  heat  and  cold  sensations,  on  the  right  side 
only.  This  was  true  also  of  pain  sensation.  He  did  not  feel  a  pin  prick  in  the 
whole  right  lower  limb  and  as  high  as  a  line  about  1  inch  above  the  umbilicus. 
.Above  this  the  sensation  to  pain  was  distinctly  diminished  for  about  2  inches. 

There  was  not  the  slightest  impairment  of  motor  power  in  the  left  lower 
limb,  nor  had  there  been  any  since  the  operation.  Tactile  sensation  in  the 
sciatic  distribution  of  the  right  side  was  the  same  before  the  operation.  Th' 
right  side  of  the  scrotum  had  normal  tactile  sensation.  The  left  side  had  nor- 
mal sensation.  The  right  side  of  the  penis  had  diminished,  not  lost,  tempera- 
ture and  pain  sensations  and  normal  tactile  sensation.  The  left  side  of  the 
penis  had  normal  sensation.     Sense  of  position  was  normal  in  the  left  big  toe. 
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The  right  big  toe  was  affected  by  the  old  injury.  The  right  patellar  reflex  was 
normal;  the  left  was  distinctly  exaggerated,  but  there  was  no  patellar  clonus. 
There  was  persistent  ankle  clonus  on  the  left  side.  The  Babinski  reflex  was 
uncertain  on  the  left  side.  There  was  no  distinct  movement  on  either  side, 
although  the  movement  seemed  to  be  downward. 

The  patient  had  been  walking  frequently  and  had  noticed  no  weakness 
in  the  left  lower  limb.  He  still  had  the  same  pain  in  the  right  foot  that  he 
had  immediately  after  the  operation.  It  had  been  of  about  the  same  intensity 
and  frequency,  possibly  a  little  more  frequent  during  the  last  week;  it  was 
very  different  from  the  pain  he  had  had  liefore  the  operation.  It  was  not  nearly 
as  severe  as  the  pain  Ijefore  the  operation,  but  the  frequency  was  about  the 
same.    A  deep  pin  prick  in  the  analgesic  area  was  not  perceived  as  pain. 

Oct.  9,   1921  :   The  patient  was  discharged. 

Second  Aciiiiissiun.— Feb.  20,  1922  (Dr.  Spiller)  :  The  patient  was  readmitted 
to  the  hospital.  After  leaving  the  hospital  following  the  second  operation 
(chordotomy,  September,  1921),  the  pain  in  the  right  foot  gradually  increased 
and  finally  involved  the  whole  of  the  sole  of  the  foot  but  not  the  dorsum.  There 
was  no  spontaneous  pain  in  the  dorsum  of  the  foot. 

Until  about  three  weeks  before  he  had  had  no  other  pain ;  then  he  Ijcgan 
to  have  pain  about  the  middle  of  the  posterior  surface  of  the  right  thigh  over 
the  course  of  the  sciatic  nerve.  The  pain  did  not  occur  in  the  thigh  unless  he 
had  pain  in  the  right  foot,  and  was  present  in  the  right  thigh  only  when  the 
pain  in  the  right  foot  was  intense ;  it  seemed  to  radiate  upward  from  the  foot. 
He  had  some  pain  in  the  right  foot  all  the  time,  but  it  was  usually  of  a  mild 
character,  with  an  occasional  exacerbation,  severe  enough  to  cause  him  great 
discomfort,  but  not  as  severe  as  the  pain  before  the  first  chordotomy.  While 
his  sleep  was  disturbed  by  pa,in,  he  did  not  take  drugs  to  control  it;  he  admitted 
that  his  pain  was  decidedly  less  than  before   the  first  chordotomy. 

Feb.  23,  1922  (Dr.  Spiller)  :  Over  the  dorsum  of  the  foot  and  the  sole  on 
the  right  side  all  forms  of  sensation  (touch,  pain,  heat  and  cold  sensations) 
were  lost.  On  the  outer  side  of  the  right  leg  and  down  the  posterior  side  of 
the  right  thigh,  touch  sensation  was  very  indistinct,  that  is,  throughout  the 
distribution  of  the  right  sciatic  nerve.  Elsewhere  in  the  right  lower  limb, 
and  over  the  front  of  the  right  lower  part  of  the  abdomen,  tactile  sensation 
was  evidently  normal. 

Heat  and  cold  of  extreme  degrees  (ice  and  very  hot  water)  were  not  recog- 
nized anywhere  in  the  right  lower  limb  or  over  the  right  side  of  the  scrotum,  or 
on  the  right  side  of  the  abdomen  to  about  1  inch  above  the  level  of  a  line  passing 
through  the  umbilicus.  Pin  prick  was  felt  in  the  right  lower  limb  only  in  an 
area  on  the  inner  side  of  the  right  leg.  beginning  quite  close  to  the  patella, 
liounded  on  one  side  bv  the  crest  of  the  tibia  and  on  the  other  by  a  parallel 
line  1  inch  to  the  inner  side.  This  area  widened  as  it  extended  to  the  heel, 
and  terminated  at  the  beginning  of  the  sole  of  the  foot.  In  the  lower  part  of 
this  area  of  preserved  pain  sensation,  slight  percussion  with  the  finger  caused 
a  stab  of  pain.  Deep  pin  prick  anywhere  else  in  the  right  lower  limb,  includ- 
ing any  part  of  the  thigh  and  the  right  side  of  the  lower  part  of  the  abdomen, 
as  high  as  the  umbilicus,  was  not  appreciated. 

After  sitting  for  some  time  there  was  momentary  weakness  in  the  left 
lower  limb.  No  weakness  of  the  left  lower  limb  could  be  detected  in  resisting 
active  movement  to  it.  There  was  no  ankle  clonus  on  the  left  side.  The  left 
.\chilles  reflex  was  normal.  The  left  patellar  reflex  was  not  unusually  prompt, 
but  it  was  a  trifle  more   so  than  the  right. 

It  would  seem  from  this  examination  that  the  pain  fibers  from  the  lower 
and  inner  part  of  the  right  leg  had  escaped  in  the  chordotomy,  and  this  would 
indicate  that  they  were  probably  the  more  posterior  or  interior  fibers  of  the 
anterolateral  tract  of  the  left  side. 

Second  Operation  and  Course. — Feb.  24,  1922 :  A  resection  6  cm.  long  was 
made  of  the  saphenous  nerve  under  local  anesthesia.     The  nerve  was  exposed 
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by  a  vertical  incision  after  it  had  divided  into  its  two  terminal  branches. 
Pinching  one  of  these  elicited  pain  precisely  in  the  region  in  which  the  patient 
had  been  complaining  of  pain  so  bitterly,  that  is,  in  the  inner  side  of  heel. 
The  branches  were  traced  up  to  the  main  trunk  where  the  upper  section  was 
made.  After  the  resection,  pinching  the  central  stump  elicited  pain  on  the 
inner  side  of  the  foot  and  heel. 

Feb.  26,  1922 :  The  patient  said  that  this  was  the  first  time  in  five  years  that 
he  had  been  entirely  free  from  pain  or  disagreeable  sensations  of  any  kind, 
except  when  under  the  influence  of  drugs.  Before,  when  the  acute  pains  were 
not  present,  a  peculiar  sensation  had  annoyed  him.  He  could  hardly  believe 
that  it  was  true,  but  he  had  had  no  pain  or  sensation  in  his  foot  for  more  than 
two  hours  on  this  date.  His  wife  said  that,  to  her  knowledge,  this  was  the 
first  time  in  five  years  that  he  had  been  free  from  pain. 

Feb.  27,  1922  (Dr.  Spiller)  :  When  seen,  on  February  24,  he  was  having 
severe  pain  in  the  toes  of  the  right  foot,  probably  as  severe  as  before  the  oper- 
ation, but  possibly  not  as  frequent.  He  had  had  a  good  night  following  the 
day  of  operation,  and  when  seen  the  next  morning  (February  25)  he  was  still 
suffering  a  great  deal  of  pain  in  the  toes  of  the  right  foot.  He  suffered  great 
discomfort  in  the  right  foot  all  day. 

He  had  had  much  better  nights  since  February  25,  and  since  then  had  felt 
remarkably  lietter.  He  had  practically  no  pain  all  day  on  February  26,  having 
intervals  as  long  as  two  hours  without  the  slightest  twinge  of  pain  or  sensa- 
tion of  any  sort  in  the  right  lower  limb.  After  an  hour  or  two  he  might  have 
a  twinge  of  pain  with  drawing  up  of  the  right  lower  limb.  It  was  never 
severe  and  of  only  a  few  minutes'  duration.  He  went  to  sleep  the  evening 
of  February  26  "like  a  child,"  the  first  time  since  the  injury. 

On  February  27,  there  was  slight  pain  about  the  middle  of  the  side  of  the 
right  foot.  On  February  25,  the  intense  pain  of  the  preceding  night  was 
believed  to  have  been  caused  by  the  irritation  of  the  central  stump  of  the  long 
saphenous  nerve  after  section,  the  nerve  not  yet  having  lost  its  function.  He 
had  never  felt  so  encouraged  before. 

March  7,  1922  (Dr.  Spiller)  :  The  patient  said  that  the  pain  was  over  the 
whole  of  the  sole  of  the  right  foot,  but  that  it  was  more  intense  over  the  inner 
half  than  over  the  outer  half. 

Third  Operation  and  Course. — March  11,  1922:  A  laminectomy  and  chordot- 
omy  was  performed  on  the  left.  Section  was  made,  3  cm.  deep,  at  the  level 
of  the  tenth  thoracic  segment. 

March  12,  1922  (Dr.  Spiller)  :  Touch,  pin  prick,  heat  and  cold  apparently 
were  normally  recognized  throughout  the  whole  left  lower  limb.  He  did  not 
move  the  left  toes  freely  on  account  of  suffering  from  the  operation  of  the  pre- 
vious day.  No  further  examination  was  made.  The  day  and  evening  of  the 
operation,  he  had  some  pain  in  the  right  toes,  which  continued.  It  was  located 
chiefly  in  the  right  toes.  Before  the  operation  it  seemed  to  be  chiefly  in  the 
sole. 

March  14,  1922:  The  patient  had  his  first  bed  bath  on  the  morning  of  this 
date.  While  being  washed  on  the  outside  of  the  left  thigh,  he  had  a  peculiar 
sensation  similar  to  that  which  he  had  had  for  years  in  his  right  hip.  It  was 
almost  a  numb  sensation.  He  felt  the  pin  prick  as  distinctly  in  the  right  as  in 
the  left  thigh.  Occasionally  he  seemed  to  feel  the  pin  prick  a  little  less  acutely 
in  the  left  thigh. 

Heat  and  cold  sensation,  however,  were  distinctly  impaired  in  the  left 
thigh.  He  repeatedly  called  the  ice  cold  tube  "hot"  at  any  part  over  the  thigh, 
although  sensation  was  a  little  more  acute  over  the  posterior  surface.  He 
could  not  readily  appreciate  heat  in  the  same  region.  Below  the  left  knee, 
temperature  sensation,  though  impaired,  was  not  lost. 

The  patellar  and  .'\chilles  reflexes  on  the  left  side  were  normal.  There  was 
no  clonus  on  the  left  side.  The  right  patellar  reflex  was  absent.  The  Babinski 
test  gave  no  distinct  flexion  of  the  left  toe.  There  was  no  weakness  of  the 
left  lower  limb. 


CIIORDOTOMV  47 

The  patient  had  a  little  less  pain  during  the  morning  of  March  14  than 
before.     It  came  in  paroxysms. 

March  16,  1922:  The  sensation  of  pin  prick  in  the  left  thigh  was  fully  as 
sharp  as  in  the  left  upper  limb.  The  same  was  true  of  tactile  sensation.  Dur- 
ing the  previous  night  and  the  morning  of  March  16  he  had  "scarcely  any  pain." 
Heat  and  cold  sensations  were  practically  lost  over  the  front  and  on  each  side 
of  the  left  thigh,  but  only  a  little,  if  at  all,  impaired,  over  the  back  of  the  thigh. 

Sensation  for  heat  and  cold  was  greatly  impaired  over  each  side  of  the 
abdomen  as  high  as  the  nipples  (that  is,  the  fourth  intercostal  space).  Pin 
prick  sensation  was  lost  to  about  3  inches  (7.62  cm.)  above  the  umbilicus.  The 
loss  of  heat  and  cold  sensation  on  the  left  side  of  the  trunk  up  to  the  fourth 
interspace  suggested  temporary  injury  of  the  right  side  of  tlic  cord  sustained 
during  the  operation. 

March  20,  1922  (Dr.  Spiller)  :  The  patient  complained  of  considerable  "burn- 
ing" pain  in  the  whole  sole  of  the  right  foot.  It  was,  therefore,  associated 
with  a  sensation  of  heat.  He  said  that  he  had  been  subject  to  muscle  cramps 
all  his  life,  but  this  pain  was  not  of  the  same  character.  All  the  pressure  made 
with  the  hand  in  grasping  the  limb  produced  no  pain  in  the  right  thigh  or  foot. 
The  spontaneous  pain,  therefore,  apparent!}'  was  not  in  the  deep  peripheral 
sensation. 

March  22,  1922:  His  tactile  sensation  and  pressure  sensation  were  acute 
in  the  right  thigh,  but  all  the  pressure  that  could  be  brought  to  bear  with 
a  fountain  pen  over  the  femur  of  the  right  thigh  produced  a  distinct  sensa- 
tion of  pressure,  but  not  the  slightest  discomfort;  whereas  a  moderate  amount 
of  pressure  over  the  left  thigh  produced  discomfort,  and  then  pain.  Vibratory 
sense  was  normal  and  equal  as  tested  over  each  patella. 

March  28,  1922  (Dr.  Spiller)  :  Sensation  to  touch  and  pin  prick  was  nor- 
mal in  the  thigh  and  leg  on  the  left  side  and  was  equal  in  intensity  w'ith  the 
sensation  of  the  left  upper  limb.  There  was  a  distinct  impairment  in  heat  and 
cold  sensations  in  the  left  low^er  limb  and  left  side  of  the  abdomen  to  a  level  of 
2  inches  below  the  nipple.  In  this  area,  ice-water  was  repeatedly  called  "hot." 
Very  hot  water  in  this  area  was  always  recognized  correctly  as  "hot."  Care- 
ful testing  of  pain  sensation  in  the  left  thigh  and  leg  failed  to  elicit  any  dis- 
turbance of  pain  sensation.  The  peculiar  paresthesia  which  he  had  noted 
in  the  left  thigh  previously  when  being  bathed,  had  entirely  disappeared. 

March  29,  1922  (Dr.  Spiller)  :  The  patient's  wife  said  that  after  the  first 
operation.  May  24,  1919,  he  had  had  no  pain  of  any  consequence  for  three 
months,  and  every  operation  had  been  followed  by  relief  of  pain  for  an 
average  of  three  months,  although  the  relief  had  not  been  absolute.  After 
the  second  spinal  operation  a  trip  to  Florida  caused  great  improvement  in 
his  condition.  He  had  less  pain  while  there.  When  he  was  in  the  company 
of  strangers,  he  seldom  showed  pain.  There  evidently  was  a  psychic  element 
in  his  pain.  He  was  much  more  likely  to  have  pain  when  alone  with  his  wife  than 
when  with  others,  at  wdiich  time,  if  any  argument  arose,  the  pain  immedi- 
ately increased. 

March  31,  1922  (Dr.  Spiller)  :  His  nurse  said  that  for  four  nights  and  three 
days  the  only  medicine  he  had  received  for  relief  of  pain  was  a  capsule  of 
sugar,  and  this  had  always  given  relief.  He  had  asked  for  it  again  when 
pain  had  recurred.  The  only  drug  he  had  received  to  make  him  sleep  during 
the  two  previous  nights  had  been  a  capsule  of  sodium  bicarbonate,  and  he 
had  slept  as  well  after  taking  this  as  he  did  after  taking  barbital.  This  state- 
ment may  be  offered   as   evidence  that  his   pain  had   a   large  psychic   element. 

April  1,  1922:     The  patient  was  discharged. 

June  12,  1922:  The  patient  reported  that  the  pain  was  still  present  in 
the  sole  of  the  foot ;  it  was  only  occasionlly  present  in  the  lower  part  of  the 
thigh  and  was  not  as  severe  as  formerly.  There  was  no  abnormal  sensation 
in  the  "good"  lower  limb;  but  when  he  wakened  in  the  morning,  or  after  sitting 
for  some  time,  he  could  not  use  this  limb,  possibly  for  half  a  minute. 
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Case  8. — History. — E.  S.  S..  Jr..  aged  40  years,  referred  to  the  neurosurgical 
service  of  the  University  Hospital  by  Dr.  Hugh  T.  Patrick  and  Dr.  T.  J. 
McKinnev.  said  that  he  had  been  entirely  well  until  1  p.  m.,  May  12.  1921. 
While  attending  a  committee  meeting,  he  began  suddenly  to  have  severe  pains 
in  the  back  about  the  lumbar  region.  The  pains  came  in  waves,  and  at  first 
he  thought  them  due  to  his  bowels.  An  hour  later  the  pains  became  so  severe 
that  he  became  pale  and  weak.  He  w-ent  to  a  physician's  office.  The  physi- 
cian thought  there  was  some  intestinal  disturbance,  and  gave  him  a  drastic 
purge.  He  said  he  told  the  physician  that  he  felt  as  though  he  had  lumbago, 
and  he  rested  in  the  phvsician's  office  for  a  time.  Later  he  walked  home 
with  difficulty,  and  neighbors  told  him  that  his  limbs  seemed  to  drag.  He 
noticed  that  his  legs  seemed  to  be  going  to  sleep,  and  he  was  unable  to  use 
them.  When  his  wife  returned  she  assisted  him  to  bed;  he  was  able  to  lift 
the  left  leg  up  on  the  bed.  but  not  the  right.  The  next  day  he  felt  a  definite 
girdle  sensation  around  the  waist,  about  at  the  level  of  the  umbilicus.  About 
two  weeks  later  he  had  another  attack,  which  consisted  of  severe  pains  in 
the  back,  radiating  around  to  the  sternum  just  below  the  nipple  line.  Later 
the  girdle  sensation  disappeared,  and  he  gradually  lost  sensation  up  to  the 
nipple  line.  The  second  attack  seemed  to  involve  the  neck  and  arms.  He 
was  unable  to  use  the  arms  for  about  two  weeks.  The  eyes  required  subdued 
light.  The  level  of  the  lesion  had  remained  the  same  as  that  after  the  second 
attack,  and  he  had  had  no  further  "attacks."  There  had  been  a  constant 
pain,  dull  in  character,  in  the  right  side  and  in  the  back.  During  the  first 
attack,  there  was  seme  febrile  reaction,  which  continued  through  the  second 
attack. 

Since  the  second  attack  there  had  l)een  a  liand  of  hyperesthesia  about  the 
chest.  This  was  so  painful  in  the  right  axilla  that  it  was  necessary  to 
prevent  contact  over  this  area.  The  bed  clothing  was  not  bearable,  and  he 
held  it  ofif  with  a  frame  or  with  his  arm.  Since  the  first  attack  he  had 
lost  all  motor  and  sensory  function  below  the  waist.  He  had  been  incontinent 
in  regard  to  both  urine  and  feces.  During  the  last  two  months,  he  had 
had  five  attacks  of  hematuria,  lasting  from  three  to  seven  days. 

His  brother,  a  physician,  said  that  he  and  the  patient  were  "bleeders,"  and 
that  slight  cuts  caused  quite  severe  hemorrhages.  The  patient  asserted  that 
he  had  had  no  serious  hemorrhages,  except  after  the  extraction  of  a  wisdom 
tooth. 

Physical  Examination. — Head,  neck,  heart  and  lungs  were  normal.  Decu- 
bitus was  present  over  the  liuttocks  on  each  side,  and  there  was  one  sore 
above  the  coccyx. 

Lower  Extremities :  There  was  absolute  flaccid  paralysis  of  both  lower 
extremities.  There  was  loss  of  tactile  pain  and  temperature  sense  below  the 
level  of  the  sixth  rib. 

June  5.  1922  (Examination  1)y  Dr.  Spillcr)  :  The  patient's  w^fe  said  that 
for  two  months  after  the  onset  of  his  symptoms  he  had  had  no  hyperalgesia. 
Hyperalgesia  began  about  the  end  of  August,  1921.  The  condition  of  the  lower 
limbs  was  one  of  complete  flaccid  paralysis,  with  much  atrophy  and  complete 
loss  of  sensation  for  touch,  pain  and  probably  all  other  qualities.  He  com- 
plained of  a  burning  sensation  in  the  right  knee;  he  felt  this  sensation  occa- 
sionallv  in  the  left  knee.  The  pain  about  the  chest  was  much  more  severe 
on  the  right  side,  and  extended  from  the  spinal  column  all  the  way  to  the 
midline  of  the  chest.  The  pain  was  in  a  band  about  2  inches  wide;  the  upper 
border  of  which  was  at  the  level  of  the  nipple.  The  pain  in  the  left  side  was 
only  in  front  and  extended  about  1  inch  above  the  nipple.  It  was  stinging, 
burning  or  throbbing,  always  present,  sometimes  with  severe  exacerljations, 
and  worse  at  night.  The  zone  of  irritability  to  touch  was  wider  than  the 
rone  of  spontaneous  pain.  The  zone  of  hyperirritability  to  touch  began  on 
the   right    side   at    about    the   third    intercostal    space,    and    extended    to    about 
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2  inches  below  the  right  nipple.  It  was  about  the  same  in  width  over  the 
left  side  of  the  chest.  When  this  zone  was  touched,  the  patient  winced  and 
showed  pain;  even  touching  the  hair  in  this  area  caused  a  stinging  sensa- 
tion— not  sharp  pain.  There  was  no  increased  sensitiveness  to  touch  or  pin 
prick  in  either  axilla.  The  pupils  were  equal  and  normal  in  size.  There 
was  no  widening  of  the  palpebral  fissures  and  no  protrusion  of  the  eyeballs, 
that  is,  no  evidence  of  ophthalmic  sympathetic  involvement.  The  patient  said 
that  the  hypersensitiveness  of  the  chest  had  been  getting  worse  during  the 
last  three  or  four  months. 

Result  of  Tests  of  Reflexes 

Reflexes  Right  Left 

Biceps   

Triceps    

Abdominal    

Patellar    

Achilles    

Babinski    

Clonus     


Urinalysis  was  negative.  Blood  examination  revealed  that  the  clotting  time 
was  six  and  one-half  minutes.  The  spinal  fluid  pressure  was  10  mm.  of 
mercury,  and  the  spinal  fluid  contained  four  cells;  it  was  negative  for  globulin 
and  sugar.  The  Wassermann  blood  and  spinal  fluid  tests  were  negative. 
Roentgenologic  examination  was  negative. 

Operation  and  Course. — June  7,  1922:  An  anterolateral  section,  bilateral, 
at  the  level  of  the  first  thoracic  segment  was  made.  Beginning  under  local 
anesthesia,  the  spinous  processes  and  laminae  of  the  seventh  cervical  and  the 
first  thoracic  vertebrae  were  removed.  The  oozing  from  the  margins  of  the 
laminae  and  from  the  muscle  surface  was  unusually  stubborn,  and  continued 
so  throughout  the  operation.  Therefore,  the  field  was  not  nearly  so  dry  as 
we  would  have  wanted  to  have  it  before  the  dura  was  opened.  When  the 
dura  was  opened  it  was  found  that  a  posterior  root  on  the  left  side,  pre- 
sumably either  the  last  cervical  or  the  first  thoracic,  was  given  off  exactly  in  the 
middle  of  our  laminectomy  opening  and  just  opposite  our  guide  suture,  which 
corresponded  to  the  tip  of  the  seventh  cervical  vertebra.  As  the  laminectomy 
opening  was  small,  it  was  rather  inconvenient  to  have  the  posterior  root  given 
off  exactly  in  the  middle  of  the  opening,  but  with  a  silk  suture  it  was  gently 
retracted  upward,  and  the  root  section  was  made  immediately  below.  Right 
Side:  The  root  on  the  right  side  came  off  at  a  slightly  lower  level.  It  was 
retracted  gently  downward,  and  the  chordotomy  section  was  made  just  above 
it.  It  was  noted  that  throughout  the  operation  when  the  patient  complained 
of  pain  it  was  referred  to  the  arms.  The  dural  incision  was  closed  and  con- 
siderable time  was  spent  in  trying  to  control  the  oozing  from  the  various 
points  in  the  wound  ;  after  one  point  was  closed  another  would  begin  to  ooze, 
so  that  we  became  rather  discouraged,  although  with  the  aid  of  muscle  grafts 
and  warm  tampons  we  were  finally  able  to  secure  a  sufficiently  satisfactory 
hemostasis  to  warrant  our  closing  the  wound.  This  was  done  with  interrupted 
tier  sutures  of  silk.  A  Mickulicz  drain  was  introduced  in  the  lower  angle 
of  the  wound.  Convalescence  was  uneventful.  The  wound  healed  by  first 
intention. 

June  8,  1922  (Examination  by  Dr.  Spiller)  :  Both  pupils  were  very  small, 
the  right  smaller  than  the  left.  The  palpebral  fissures  did  not  seem  to  be 
as  wide  as  normal,  and  the  right  was  not  quite  as  wide  as  the  left.  He  had 
spontaneous  pain  in  the  hypothenar  eminence  of  the  right  hand,  and  while 
pin  prick  was  felt  here  as  sharp,  it  was  not  quite  as  acute  as  it  was  over  the 
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right  thumb.  He  had,  therefore,  symptoms  indicative  of  ophthahnic  sympa- 
thetic involvement,  more  on  the  right  than  on  the  left.  Morphia  may  have 
been  partly  responsible  for  the  contracted  pupils.  It  hardly  seemed  to  explain 
the  whole  finding  because  of  inequality  of  the  symptoms  on  the  two  sides 
and  because  of  the  spontaneous  pain  and  slight  hypalgesia  in  the  distribution 
of  the  first  thoracic  nerve.  The  grasp  in  the  right  little  finger  did  not  appear 
to  be  quite  as  powerful  as  the  grasp  in  the  left  little  finger. 

Tune  9,  1922  (E.xamination  by  Dr.  Spiller)  :  In  looking  straight  forward 
without  making  any  special  effort,  the  palpebral  fissures  were  distinctly  sub- 
normal in  width,  the  right  more  so  than  the  left.  In  making  an  effort  to 
open  the  eyes  wide  the  fissures  were  wider,  but  still  subnormal.  The  right 
pupil  was  a  little  smaller  than  the  left.  The  patient  had  complained  during 
the  past  twenty-four  hours  of  considerable  pain  and  numbness  down  the  inner 
side  of  each  forearm  and  in  the  ring  and  little  finger  of  each  hand,  more  in 
the  right  than  in  the  left.  The  spontaneous  pain  and  hyperalgesia  to  pin 
prick  over  the  upper  part  of  the  thorax  had  disappeared  entirely. 

June  27,  1922  (Examination  by  Dr.  Spiller)  :  The  right  pupil  and  the  right 
palpebral  fissure  were  distinctly  smaller  than  the  left,  and  the  right  eyeball 
did  not  protrude  as  much  as  the  left.  When  asked  to  open  his  eyes,  or  to 
look  upward,  the  palpebral  fissures  were  about  normal.  The  reaction  of  each 
pupil  to  light  and  in  convergence  was  normal.  The  flexor  power  of  each  little 
finger  w'as  still  very  weak.  The  pain  that  was  present  after  the  operation  on 
the  ulnar  side  of  each  forearm  and  hand  had  entirely  disappeared,  but  he 
still  complained  of  numbness — of  less  intensity  than  immediately  after  the 
operation — in  the  little  and  ring  fingers  of  each  hand  and  extending  up  the 
ulnar  side  of  each  forearm  and  corresponding  part  of  each  arm  as  high  as 
the  a.xilla.  There  was  diminution  in  touch,  pain,  heat  and  cold  sensations, 
but  no  loss  on  the  ulnar  side  of  the  left  forearm,  in  the  corresponding  part 
of  the  left  arm  above  the  elbow  or  in  the  ulnar  side  of  the  left  hand.  This 
disturbance  of  the  same  character  was  greater  in  the  right  upper  limb  than 
in  the  left  and  was  in  the  ulnar  side  of  the  right  forearm  and  also  the  corre- 
sponding part  of  the  right  arm  above  the  elbow.  In  the  ulnar  side  of  the 
right  hand  iust  as  in  the  ulnar  side  of  the  left  hand,  touch,  pain,  heat  and 
cold  were  felt  as  well  as  in  the  area  of  the  thumb.  This  greater  loss  of 
objective  sensation  in  the  right  side  corresponded  to  the  greater  sympathetic 
palsy  of  the  right  side,  and  with  the  numbness  in  the  same  parts  and  the 
previous  pain  :n  these  parts  was  indicative  of  root  rather  than  cord  damage. 
Sense  of  position  and  passive  movement  was  normal  in  each  little  finger  and 
wrist.  Vibration  was  normal  on  the  ulnar  side  at  the  wrist  and  elbow.  Hyper- 
esthesia to  the  slightest  contact,  even  of  such  extent  as  to  produce  dread  of 
an  object  like  a  cloth  being  held  near  the  trunk,  had  entirely  disappeared 
from  the  upper  thoracic  region  above  the  area  corresponding  to  the  level  of 
the  lesion.  Within  the  last  two  days  he  had  complained  of  a  slight  discom- 
fort from  contact  on  the  right  side  in  the  upper  thoracic  region,  worse  at 
night,  when  his  mind  was  not  diverted,  and  at  no  time  of  much  importance. 
Sensation  for  touch,  pain,  heat  and  cold  was  impaired  but  not  lost  from  about 
the  second  rib  to  about  the  fifth  intercostal  space  on  each  side,  and  they 
seemed  to  be  a  little  more  impaired  on  the  left  side  of  the  trunk;  but  this 
was  not  entirely  certain.  It  is  to  be  remembered  that  the  sympathetic  fibers 
for  the  eye  probably  leave  the  cord  through  the  anterior  first  thoracic  root. 
The  objective  disturbance  of  sensation  corresponded  more  to  the  second  thoracic 
distribution. 

Summary:  Following  section  of  the  anterolateral  columns  on  both  sides 
at  the  level  of  the  first  thoracic  segment,  the  distressing  hyperesthesia  com- 
plained of  before  the  operation  disappeared.  There  were  transitory  pains  in 
the  upper  extremities  but  these  gradually  disappeared.  An  area  of  hypesthesi.i 
persisted  along  the  ulnar  aspect  of  the  forearm  and  hand  of  each  side.  Fol- 
lowing the  operation   sympathetic  ocular   phenomena   were  observed. 
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DISCUSSION 


Dr.  Bernard  Sachs,  New  York:  May  I  ask  for  a  little  additional  infor- 
mation regarding  the  kind  of  cases  in  which  operation  was  performed?  Were 
they  cases  of  tumor  somewhere  in  the  spinal  cord  or  in  the  spinal  canal? 
Moreover,  was  this  attempt  made  in  cases  of  tabes,  and  what  was  the  nature 
of  the  case  in  which  the  pain  was  so  extreme  that  the  necessity  arose  to  operate 
on  the  patient  for  the  diminution  of  the  pain? 

Was  the  operation  undertaken  without  any  attempt  to  remove  the  tumor  in 
those  cases  in  which  there  was  clearly  a  spinal  tumor? 

I  have  seen  extremely  few  cases  of  malignant  or  other  disease  of  the  spinal 
cord  in  which  the  pain  was  so  pronounced  that  I  would  have  considered  a 
serious  operation  for  the  relief  of  pain. 

Dr.  M.  Allen  Starr,  New  York:  I  should  like  to  ask  whether  subsequent 
to  this  operation  any  trophic  disturbances  appeared  in  the  areas  of  the  skin 
which  were  deprived  of  pain  and  temperature  sense.  We  are  familiar  with  the 
fact  that  in  cases  of  syringomyelia  such  trophic  disturbances  occur,  which  have 
been  ascribed  partly  to  the  loss  of  pain  and  temperature  sense. 

Dr.  Smith  Ely  Jelliffe,  New  York:  Dr.  Starr's  question  leads  me  to  ask 
another  one  in  which  physiologic  problems  may  enter  the  field  of  discussion. 
Did  Dr.  Spiller  or  Dr.  Frazier  make  any  inquiries  as  to  the  possibilities  of 
metabolic  pathways  traversing  in  the  anterior  columns?  Were  finer  tests  of 
the  kidney  or  liver  functions  investigated?  Was  there  any  evidence  to  show 
that  some  of  the  pathways  that  are  utilized  in  the  integration  of  visceral  func- 
tion, such  as  the  exjierimcntal  work  of  Brugsch,  Dresel  and  Lewy "  have  shown, 
might  pass  up  in  that  region. 

Dr.  Charles  H.  Frazier,  Philadelphia:  The  value  of  the  communication 
by  Dr.  Spiller  and  myself  seems  to  lie  in  the  physiologic  results  or  observa- 
tions which  have  been  drawn  from  the  cases  in  which  we  have  operated. 

Two  or  three  years  ago  I  reported  to  this  Association  the  results  of  the 
first  series  of  chordotomies  which  I  had  performed  in  the  neurosurgical  clinic 
of  the  University  Hospital,  and  I  was  quite  confident  at  that  time  that  the 
results  of  the  operation  justified  the  undertaking,  in  so  far  as  the  measure 
of  relief  was  concerned.  In  its  conception,  chordotomy  seems  to  be  quite 
comparable  to  Dr.  Spiller's  original  suggestion  for  avulsion  of  the  sensory 
root  of  the  gasserian  ganglion  in  the  treatment  of  trigeminal  neuralgia,  and 
in  their  efifect  the  two  operations  are  quite  similar. 

With  regard  to  the  technic:  One  operation  is  easier  of  performance  than 
the  other;  since  in  avulsion  of  the  sensory  root  the  whole  root  must  be  sacrificed, 
whereas  in  the  chordotomy  the  operator  must  exercise  his  judgment  as  to  the 
amount  of  chord  tissue  to  be  sectioned.  We  know  that  in  dififerent  persons 
the  size  of  the  cord  varies  and  even  in  the  same  person  the  size  of  the  cord 
varies  at  different  levels.  It  is  for  that  reason  that  we  have  thought  it  advisable 
to  recommend  section  of  the  cord  at  a  given  level,  and  for  various  reasons  we 
recommend  that  the  section  be  made  at  the  level  of  the  fifth  thoracic  segment. 

Those  who  contemplate  the  performance  of  this  operation  should  provide 
themselves  with  two  special  instruments.    One  is  a  hook  which  we  have  devised 


2.  Dresel  and  Lewy:  Die  Zuckerregulation  bei  Paralysis  Agitans  Kranken, 
Ztschr.  f.  d.  ges.  exper.  med.  26:95,  1922.  Die  Widal  Leber funktionspriifung 
bei  Paralysis  Agitans  Kranken,  ibid.  26:87,  1922.  Jelliffe  and  White:  Diseases 
of  the  Nervous  System,  Ed.  4,  1922. 
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for  the  purpose  of  grasping  and  including  only  the  anterolateral  column  of 
the  cord  and  fixing  the  tissue  so  that  the  section  may  be  made  without  undue 
trauma;  the  other  is  a  special  knife,  so  constructed  that  the  section  may  be 
m?.de  without  any  technical  difficulty,  the  blade  being  at  an  obtuse  angle 
to  the  shaft. 

Dr.  Ernest  S.achs,  St.  Louis :  I  have  had  opportunity  to  perform  this  opera- 
tion on  three  or  four  patients,  two  of  which  were  tabetics.  The  first  patient 
was  not  relieved,  this  probably  having  been  due  to  the  fact  that  the  section  was 
not  performed  high  enough. 

The  most  satisfactory  case  I  have  had  was  one  of  carcinoma  of  the  pros- 
tate, with  metastasis  in  the  hip  joint,  a  case  which  seemed  hopeless.  The 
man  was  in  excellent  physical  condition  and  would  have  been  al)le  to  walk 
around  had  it  not  been  for  his  intractable  pain.  Operation  in  this  case 
relieved  the  patient  completely,  so  that  he  was  able  to  resume  his  work.  He 
is  still  carrying  it  out  six  or  seven  months  after  the  operation,  but  it  is  dif- 
ficult to  state  how  long  he  will  continue  to  be  relieved. 

In  the  last  case  I  made  use  of  Dr.  Frazier's  hooks,  and  they  unquestionaljly 
make  the  operative  procedure  very  much  simpler.  I  think  the  operation  has 
a  great  field  of  usefulness  in  cases  of  carcinoma  with  metastasis  to  the  spine, 
but   I   should  hesitate  to  operate    in  tabetic  patients. 

Dr.  Spii.i.er.  in  closing:  In  reply  to  Dr.  Sachs:  We  mentioned  that  in  four 
of  these  cases  there  were  malignant  growths,  definitely  shown  to  be  malig- 
nant either  by  operation  or  by  the  roentgen-ray  findings.  In  two  there  were 
injuries  received  in  France,  with  intractable  and  intense  pain  as  a  result, 
and  in  one,  a  woman,  there  was  intense  pain  of  long  duration  possibly  from 
disease  in  or  about  the  bladder.  These  were  suitable  cases  for  chordotomy. 
Of  course,  it  would  be  an  entirely  unjustifiable  procedure  to  perform  a 
chordotomy  if  there  were  a  possibility  of  removing  a  tumor;  and  we  have 
never  attempted  it  if  there  was  the  sliglitest  chance  of  removing  a  tumor 
from  the  cord. 

We  have  had  no  cases  of  tabes  in  this  series. 

Dr.  Sachs  says  he  has  not  seen  many  cases  of  severe  i)ain  in  malignant 
tumor.  We  have  observed  most  intense  pain  in  malignant  tumor  of  the  verte- 
bral column  and  great  relief  after  chordotomy. 

In  reply  to  Dr.  Starr's  question  whether  there  were  trophic  disturbances 
after  the  operation :  We  have  not  observed  any  changes  in  the  skin  or  in  the 
growth  and  appearance  of  the  nails,  but  in  two  cases  bedsores  resulted.  In 
one  of  these  there  was  unquestionably  implication  of  the  crossed  pyramidal 
tracts,  while  in  the  other  the  symptoms  did  not  indicate  such  implication. 

In  regard  to  Dr.  Jelliffe's  question  whether  metabolic  pathways  were  studied: 
We  have  not  made  a  careful  study  of  these,  nor  have  we  observed  anything 
resulting  from  this  operation  that  might  point  toward  metabolic  changes.  One 
might  expect  hematuria  possibly,  but  there  was  nothing  of  that  kind  in  any 
of  these  cases;  there  was  nothing  that  called  our  attention  to  any  disturbances 
of  the  viscera. 


THE     CRANIAL     HYPEROSTOSES     PRODUCED     BY 
MENINGEAL    ENDOTHELIOMAS  * 

HARVEY    GUSHING,     M.D. 

BOSTON 

This  communication  will  be  chiefly  devoted  to  but  one  of  the  many 
interesting  features  of  the  endotheliomas,  namely,  the  hyperplasia  of 
the  adjacent  bone.  That  the  relationship  between  the  meningeal  tumor 
and  the  hyperostosis  is  not  generally  understood  was  brought  out  at 
a  recent  meeting  of  the  Society  of  Neurological  Surgeons  held  in 
Philadelphia.  At  that  time  Professor  Spiller  exhibited  many  interesting 
specimens  from  his  extensive  collection  of  brain  tumors.  In  showing 
some  examples  of  endotheliomas  he  stated  that  these  tumors  were 
sometimes  associated  with  an  overlying  cranial  hyperostosis  which  he 
considered  to  be  the  cause  of  the  subjacent  growth.  This  opinion 
was  so  contrary  to  that  which  has  long  been  held  and  taught  in  the 
writer's  clinic,  that  this  occasion  is  taken  to  present  some  data  bearing 
on  this  particular  aspect  of  these  lesions. 

It  is  quite  probable  that  the  true  character  of  the  bony  tumor 
has  often  been  overlooked  because  the  necessity  of  decalcification  has 
deterred  observers  from  making  a  careful  histologic  study  of  the 
adjacent  portion  of  the  skull  as  well  as  of  the  tumor  proper.  This, 
I  must  admit,  applies  to  some  of  the  early  examples  of  hyperostosis 
cranei  accompanying  endotheliomas  in  my  Johns  Hopkins  series.  My 
attention  was  first  drawn  to  the  true  nature  of  the  bony  tumor  by 
an  experience  which  may  be  briefly  stated. 

The  patient  came  under  my  care  in  February,  1910,  giving  the  following 
history:  Twelve  years  before  he  had  received  a  sharp  blow  on  the  vertex  of 
the  head  approximately  at  the  rolandic  point.  This  point  remained  somewhat 
tender,  and  in  the  course  of  time  a  local  prominence  of  the  skull,  attrilnited  to 
an  epicranial  exostosis,  became  apparent.  Occasional  attacks  of  focal  epilepsy 
involving  the  left  foot  and  leg  subsequently  occurred,  and  under  the  assumption 
that  these  attacks  were  produced  by  cortical  irritation,  a  surgeon  in  1905 
trephined  and  removed  the  small  area  of  thickened  bone.  The  underlying  dura 
which  was  exposed  was  thought  to  be  normal,  and  the  membrane  was  not 
opened.  The  thickened  disk  of  bone  which  had  been  removed  showed  tumor 
on  microscopic  examination.  It  was  classified  by  a  pathologist  as  a  primary 
psammosarcoma  of  the  diploe. 

For  the  next  five  years  the  patient's  jacksonian  attacks  continued  unabated, 
with  increasing  disability  and  spasticity  of  the  affected  foot.  There  was  no 
local  recurrence  of  the  tumor  at  the  site  of  the  bone  defect,  and  in  the  absence 
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of  the  usual  manifestations  of  pressure  (headache,  choked  disk,  etc.)  an  intra- 
cranial tumor  was  not  suspected  by  any  of  the  several  neurologists  and  sur- 
geons who  were  subsequently  consulted. 

By  the  time  of  his  admission  to  the  hospital  in  1910  the  left  arm  had  begun 
to  be  involved  in  the  spasticity  and  an  osteoplastic  exploration  was  decided 
on.  This  disclosed  a  large  potato-like  psammo-endothelioma  which  had  greatly 
deformed  the  right  hemisphere.  The  tumor,  which  weighed  198  gm.,  was  suc- 
cessfully enucleated.  Its  meningeal  attachment  was  situated  alongside  the 
sinus  sagittalis,  directly  under  the  small  bone  defect  made  at  the  original 
operation. 

Though  the  dural  attachment  of  the  tumor  at  the  sinus  was  not  removed 
and  was  unquestionably  infiltrated  by  tumor,  there  has  been  no  evidence  ot 
continued  growth  though  twelve  years  have  elapsed. 

Since  this  experience,  areas  of  cranial  thickening,  whether  disclosed 
by  palpation  or  by  roentgen  ray,  have  always  been  looked  on  with  the 
suspicion  that  they  might  overlie  a  meningeal  endothelioma.  It, 
however,  was  not  appreciated  for  some  time  that  these  tumors  in 
their  intradural  aspects  might  be  of  two  distinct  types:  (1)  nmssive 
tumors  with  a  relatively  small  area  of  meningeal  attachment,  and  (2) 
tumors  en  plaque  which  are  but  slightly  elevated  though  they  may 
involve  a  considerable  area  of  dura.  Though  the  former  may  in  a 
certain  percentage  of  the  cases  be  accompanied  by  an  overlying 
hyperostosis,  the  bony  thickening  is  apt  to  be  much  more  pronoimced 
in  the  case  of  the  flat  tumors.  As  a  matter  of  fact,  were  it  not  for 
the  hyperostosis  and  its  consequences,  many  of  these  meningeal  tumors 
W'ould  pass  unrecognized,  for  they  may  give  no  intracranial  symptoms 
of  tumor  either  general  or  localizing.  Indeed,  the  massive,  potato-like 
endotheliomas  may  sometimes  attain  very  large  dimensions  before 
general  pressure  symptoms,  such  as  choked  disk  or  headaches,  are 
manifested.  This  was  true  of  the  patient  with  the  198-gram  tumor 
whose  case  has  just  been  mentioned. 

The  endotheliomas  have  their  definite  seats  of  predilection,  a  full 
discussion  of  which  must  await  a  subsequent  and  more  extensive 
report.  It  will  suffice,  for  the  present,  to  say  that  the  tumors  which 
are  parasagittal  in  origin,  and  those  which  arise  from  the  temporo- 
frontal  meninges  adjacent  to  the  sylvian  cleft  seem  to  be  accompanied 
by  a  hyi)erostosis  cranei  more  often  than  those  in  other  situations. 

For  purposes  of  this  report,  a  single  comparatively  recent  example 
of  one  of  these  temporal  lesions  has  been  chosen.  The  region  is  one  in 
which  endotheliomas  frequently  arise,  and  when  they  are  associated 
with  marked  hypercstosis,  as  in  this  particular  case,  exophthalmos 
is  almost  invariably  prr)duced. 

REPORT     OF     A     CASE 

Left  temporosphcnnidal  endothelioma  en  plaque,  ivith  invasion  and  thiekening 
of  overlying  bone  and  extracranial  involvement  of  temporal  muscle. 


CRAXIAL     HYPEROSTOSES 


55 


April  18,  1921. — Admission  of  Mrs.  Mary  D.,  aged  39,  referred  by  Dr.  Byrnes 
of  Springfield,  Mass.,  with  a  bony  tumor  of  the  orbit,  producing  exophthalmos. 

Past  History. — No  apparent  bearing  on  present  trouble.  Excellent  general 
health.  No  recorded  trauma.  Occasional  headaches  since  childhood;  none  for 
past  year.  Married  at  27  years ;  six  pregnancies  with  only  two  children  sur- 
viving. Four  of  them  were  stillborn  at  seven  months  :  attributed  to  renal  com- 
plications. Last  pregnancy  was  terminated  June,  1920,  because  of  eclampsia  and 
convulsions  :  placenta  praevia. 

Present  Complaint. — For  possibly  ten  years  the  left  eye  has  been  somewhat 
more  prominent  than  the  other.  No  significance  was  attached  to  this,  even 
when  in  September  of  1919  the  eyelids  on  this  side  became  somewhat  edematous. 
As  she  had  some  albuminuria  and  her  ankles  were  apt  to  be  swollen,  the  puffi- 
ness  of  the  eyelids,  though  unilateral  and  persistent,  was  discounted.    In  Fel)ru- 


Fig.   1. — Appearance  on   admission,   showing   exophthalmos.     The   bony   pro- 
trusion is   evident,  though  partly  concealed  by  her  hair. 


ary,  1920,  she  first  observed  a  swelling  in  the  anterior  part  of  the  left  temporal 
fossa.  It  was  painless,  hard,  not  sensitive  to  pressure.  Her  physician  at  the 
time  evidently  regarded  the  condition  as  syphilitic  and  prescribed  the  usual 
drugs,  but  she  did  not  persist  in  their  use. 

On  the  termination  of  her  pregnancy  in  June  she  first  noticed  some  slight 
loss  of  visual  acuity  in  the  left  eye. 

For  the  next  six  months  there  was  a  slow  but  steady  enlargement  of  the 
aforementioned  bony  tumor  of  the  temporal  fossa,  accompanied  by  an  increas- 
ing prominence  of  the  eye  and  edema  of  the  lids.  For  the  three  months  before 
admission  the  symptoms  had  developed  more  rapidly. 

Physical  Examination. — This  was  essentially  negative  except  for  the  obvious 
local  lesion,  namely,  a  smooth,  hard  tumor,  slightly  tender  on  pressure,  filling 
out  the  left  temporal  fossa  and  obliterating  such  bony  landmarks  as  the  external 
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angular  process  and  zygoma.  Associated  with  the  growth  was  a  moderate 
unilateral  exophthalmos  with  edema  of  the  eyelids  (Fig.  1).  The  exophthalmos 
was  without  bruit  or  pulsation,  though  over  the  bony  tumor  the  extracranial 
vessels  were  noticeably  dilated.  The  patient  was  markedly  myopic  and  a  slight 
hyperemia,  particularly  of  the  left  optic  disk,  was  present.  The  visual  fields 
were  normal.     There  was  slight  weakness  of  the  left  abducens. 

The  situation  of  the  growth  was  obscurely  shown  in  a  series  of  stereoscopic 
roentgen-ray  plates.  These  (Fig.  2)  indicated  an  area  of  increased  density  in 
the  region  of  the  squamous  wing  of  the  temporal  bone,  the  sphenoid,  and  left 
side  of  the  orbit. 


Fig.  2. — Lateral   roentgLiidiiiain 
density. 


^^•lla^   region   showing  area   of   increased 


The  neurologic  examination  was  negative  in  all  respects.  The  Wassermann 
reaction  was  negative.  Urine  showed  a  trace  of  albumin,  but  functional  renal 
tests  revealed  no  such  degree  of  dysfunction  as  to  contraindicate  operation. 

May  4,  1921:  Operation.  Extirpation  of  hyperostosis  together  ivith  under- 
lying dura  and  its  subjacent  flat  tumor. — .'\  curvilinear  incision  (Fig.  4)  was 
made  with  its  base  between  the  external  angular  process  and  the  tragus.  On 
reflecting  the  scalp  and  temporal  muscle  so  as  to  expose  the  bony  lesion,  it 
was  found  that  the  lower  layer  of  muscle  fibers  were  infiltrated  by  tumor  over 
the  most  prominent  part  of  the  bony  protuberance.     The  skull  at  this  point  was 
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considerably  roughened,  and  the  muscle  was  adherent  to  it.  This  small  area  of 
obvious  involvement  of  extracranial  tissues  was  excised  and  an  immediate 
frozen   section   showed  endothelioma. 

The  area  of  hyperostosis,  which  was  difficult  of  access,  was  then  attacked  by 
making  a  circle  of  perforations  at  its  periphery.  These  perforations,  made  by 
using  a  succession  of  motor-driven  burrs  of  graduated  size,  were  carried  down 
through  the  dense  bone  to  the  dura.  It  would  probably  have  been  easier  to 
have  "burred"  away  the  entire  hyperostosis  in  this  fashion,  but  it  was  desired  to 
preserve  an  intact  portion  of  the  thickened  bone   for  subsequent  study. 


Fig.  3. — Print  of  postoperative  radiogram  showing  e.xtcnt  of  bony  removal 
and  situation  of  clips  outlining  area  of  excised  dura. 


The  chief  difficulty  lay  in  the  complete  removal  of  the  hyperostosis  at  its 
anterior  and  lower  periphery.  In  this  situation  it  was  necessary  to  carry  the 
perforations  obliquely  through  solid  bone  which  proved  to  be  3  to  4  cm.  in 
thickness,  before  the  orbital  cavity  was  reached.  The  remaining  central  and 
posterior  mass  of  bone  (Figs.  9-11)  was  then  broken  out  in  a  single  piece. 
With  the  view  thus  given  it  was  possible,  with  the  further  use  of  burrs  and 
rongeurs,  to  enlarge  the  opening  until  all  the  thickened  bone  so  far  as  could 
be  told,  was  removed.  In  this  procedure  the  entire  outer  side  of  the  orbital 
contents,  which  had  evidently  been  considerably  encroached  on  by  the  growth, 
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Fig.  4. — Twelve  days  after  operation,  to  show  the  field  and  situation  of  the 
curved  incision,  its  limits  indicated  by  crosses. 


Fig.   5. — Condition   ten   months   after   operation    (for   comparison    with   Fig.    1). 
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was  fully  exposed.     Removal  of  the  sphenoid  wing  was  carried  inward  to  the 
region  of  the  left  anterior  clinoids  in  the  depths  of  the  sjdvian  groove. 

At  the  bottom  of  the  bone  defect  thus  made,  roughened  dura  was  exposed 
covering  practically  the  entire  tip  of  the  temporal  lobe.  There  was  no  cer- 
tainty as  to  what  underlay  this  thickened  dura,  whether  an  endothelioma  of 
the  plaque  variety  or  a  rounded  tumor.  The  membrane  was  opened  at  the 
upper  margin  of  the  bone  defect  where  it  was  evidently  normal  in  appearance 
and  the  edge  of  a  flat  endothelioma  was  seen.  The  incision  in  the  membrane 
was  then  carried  around  between  normal  dura  and  the  edge  of  the  tumor,  giving 
the  latter  a   free  margin  of  a   few  millimeters. 


Figs.  6  and  7. — Photographs  (natural  size  though  considerably  shrunken  by 
fixation)  of  major  portion  of  tumor;  seen  on  edge  in  upper  figure  and  from 
the  inner  dural  surface  in  the  lower  figure. 


It  is  quite  possible  that  at  the  very  depth  of  the  sylvian  cleft  where  the 
field  became  somewhat  inaccessible,  some  portion  of  the  involved  bone  and 
dura  may  have  been  left  behind. 

The  dura  was  so  vascular  that  silver  clips  were  placed  on  its  margins  for 
purposes  of  hemostosis  as  the  incision  to  outline  the  growth  was  being  made. 
The  situation  and  extent  of  the  flat  tumor  is  consequently  well  shown  in  the 
roentgen-ray   picture   subsequently  taken    (Fig.   3). 

The  operation,  though  a  prolonged  one,  was  well  borne.  Convalescence  was 
uneventful  (Fig.  4),  and  at  the  time  of  her  discharge  the  exophthalmos  and 
edema  of  the  orbit  had  largely  disappeared. 

At  the  present  writing,  ten  months  later,  she  remains  free  from  symptoms ; 
there  is  no  indication  of  any  tumor  growth  from  the  possible  remaining  frag- 
ment; the  exophthalmos  has  almost  complete]}-  subsided    (Fig.  5). 
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Pathologic  Report. — The  three  chief  fragments  of  tissue  saved  for  study 
consisted  of:  (1)  the  primary  tumor  adherent  to  the  under  surface  of  the 
dura;  (2)  a  portion  of  the  thickened  overlying  skull;  (3)  a  fragment  of  the 
temporal  muscle. 

1.  The  tumor  proper.  There  are  two  fragments.  The  larger  (.Figs.  6  and  7) 
shows  a  flat  growth  with  nodular  surface,  springing  from  the  under  side  of  a 
semicircular  piece  of  dura  measuring  5  by  3.5  cm.  in  diameter.  A  margin  of 
free  dura  surrounds  the  growth  except  at  one  portion  of  the  specimen  where 
the  tumor  has  been  cut  into.  At  its  thickest  place  the  growth  is  only  about 
4  mm.  in  thickness.  On  section  it  shows  a  typical  endothelioma  which  is 
plastered  on  the  inner  surface  of  the  membrane,  the  cell  masses  being  arranged 
in  fibrous  alveoli  (Fig.  8). 

2.  The  bone  fragment.  (Figs.  9-11.)  This  is  a  wedge-shaped  piece  of  bone 
measuring  5  by  3  cm.  in  its  surface  diameters,  and  nearly  3  cm.  in  its  greatest 
thickness.  The  outer  surface  is  roughened  and  irregularly  grooved,  and  some 
fragments  of  muscle  adhere  to  it.  The  inner  surface,  likewise,  is  rough  and 
grooved,  with  fragments  of  firmly  adherent  dura.  The  third  surface  shows  a 
cup  of  smooth  eburnated  bone  evidently  made  by  a  large  burr.  A  histologic 
study  of  the  bone  showed  that  its  canals  are  everywhere  invaded  by  tumor 
(Fig.  12). 

3.  The  fragments  of  muscle  removed  early  in  the  operation  show  on  section 
(Fig.  13)  invasion  with  tumor  cells  arranged  in  characteristic  endothelial  alveoli. 

Dr.  Victor  Jacobson's  pathologic  note  regarding  the  hyperostosis  reads  as 
follows : 

"The  bone  is  of  cancellous  type  with  the  marrow  spaces  containing  large 
groups  of  spindle  cells  arranged  in  the  whorl-manner  of  dural  endothelioma 
and  similar  to  the  tumor  in  the  muscle  described.  The  bone  is  dense  and 
arranged  in  trabeculae.  The  resulting  spaces  contain  the  tumor  cells  which  are 
surrounded  by  a  thin  compact  layer  of  fibroblasts  which  in  turn  are  separated 
from  the  bony  trabeculae  by  loose  connective  tissue  in  which  are  a  few  thin- 
walled  blood  vessels.  There  is  no  apparent  intravascular  growth  of  tumor  but 
the  tumor  cells  have  gained  access  to  the  marrow  spaces  and  grown  in  them, 
often  compressing  the  marrow  vessels  but  not  penetrating  them.  In  one  marrow 
space  active  hematopoiesis  is  in  progress." 

INCIDENCE 

At  the  present  writing  (Jan.  1,  1922),  in  a  series  of  considerably 
over  one  thousand  presumptive  cases  of  tumor,  the  lesion  has  been 
verified  in  748  instances.^  Without  going  into  the  detail,  unnecessary 
for  our  present  purposes,  of  distinguishing  between  the  various  sub- 
varieties  of  gliomas,  adenomas  and  so  on,  these  cases  may  be  tabulated 


1.  The  significance  of  the  term  "verified"  and  the  way  in  which  the  brain 
tumor  cases  in  the  clinic  are  classified  as  verified,  non-verified  and  tumor- 
suspects  has  been  made  clear  in  recent  papers  by  Percival  Bailey  (Concerning 
the  Clinical  Classification  of  Intracranial  Tumors,  Arch.  Xeurol.  &  Psychiat. 
5:418-437  [April]  1921)  and  by  C.  E.  Locke  (A  Review  of  a  Year's  Series 
of  Intracranial   Tumors.  Arch.   Surg.  3:560-581    [Nov.]    1921). 
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as  follows,  in  order  to  indicate  the  ratio  of  the  endotheliomas  to  other 
main  tumor  groups : 


Number  of  Cases     Percentage 

Glioma     fl2  41.7 

Adenoma    (chiefly    pituitary) i^^  ^■^■^ 

Endothelioma     


10.7 
60  8.0 


Neurinoma    (acoustic)     ^ 

Congenital    tumors    .••.••••        ''" 

(a)  Suprasellar   tumors    (chiefly  of   pharyngeal    pouch   origin   34 

(b)  Cholesteatomas   and    dermoids 6 

Granuloma    •  •        ■^'^  •' 

(a)  Gumma    \^ 

(b)  Tubercle     -1 

Papilloma    (choroid    plexus) °  t-t^ 

Angioma    ,?  \-° 

Metastatic    and    invasive -T  •'•^ 

Unclassified     _^  ^'^ 

748 


Thus,  of  the  brain  tumors  encountered  and  histologically  verified 
in  this  personal  series,  the  endotheliomas  represent  10.7  per  cent, 
and  occur  in  the  ratio  of  one  to  four  of  the  gliomas. - 
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Of  the  eighty  endotheliomas,  twenty  were  accomi)anied  Ijy  a  recog- 
nizable thickening  of  the  overlying  bone.  For  reasons  not  as  yet  entirely 
clear,  endotheliomas  en  plaque  are  more  likely  to  provoke  bony  thick- 
ening from  tumor  invasion  than  are  the  large  rounded  tumors.  Leaving 
out  of  consideration  a  few  of  the  spreading  endotheliomas  of  the  basal 
meninges,  such  as  those  which  arise  from  the  gasserian  envelops,^ 
nearly  all  of  the  flat  tumors  of  the  type  recorded  in  the  foregoing  case 
report  have  produced  an  overlying  hyperostosis.  There  have  been  eight 
of  them  in  all,  five  in  the  anterior  temporal  region,  as  in  the  case 
recorded,  usually  with  unilateral  exophthalmos,  and  three  in  the  para- 
sagittal region  of  the  vault. 

The  other  twelve  examples  of  hyperostosis  have  accompanied  the 
rounded  tumors  which  cause  marked  cerebral  deformation.  It  was 
my  early  impression  that  these  tumors  were  less  likely  to  invade  the 
bone  because  of  their  relatively  small  area  of  meningeal  attachment. 
However,  this  cannot  be  the  actual  explanation,  for  the  reason  that 
there  are  several  cases  in  the  series  in  which  a  pronounced  hyperostosis 
overlay  an  enucleable  spherical  endothelioma  which  proved  to  have 
a  comparatively  small  area  of  meningeal  attachment. 


2.  In  his  recent  article  on  "The  Accomplishments  of  Intracranial  Surgery" 
(New  York  State  J.  M.  21:369,  1921),  Dr.  Frazier  has  made  the  statement  that 
60  per  cent,  of  his  cases  were  sarco-endotheliomas  and  only  38  per  cent,  gliomas. 

3.  Reference  has  already  been  made  in  another  connection  to  the  four  endo- 
theliomas in  my  series  which  have  apparently  arisen  from  the  trigeminal  sheath. 
'The  Major  Trigeminal  Neuralgias,"  Am.  J.  M.  Sc.  109:157,   1920. 
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The  endotheliomas  must  he  regarded  of 
course  as  henign  tumors,  hut  it  is  known  that 
the  growth  tends  to  insinuate  itself  into 
crevices  and  may  surround  and  incorporate 
important  anatomic  structures  like  the  hlood- 
vessels  of  the  cranial  base  without  damaging 
them.*  In  view  of  this  it  might  be  assumed 
that  under  the  influence  of  intracranial  tension 
the  tumor  cells  in  the  process  of  their  multipli- 
cation become  crowded  into  and  through  the 
vascular  dural  spaces  and  finally  into  the 
canaliculi  of  the  bone.  In  consequence  of  this 
the  bone  becomes  irritated,  with  subsequent 
osteoblastic  proliferation  which  provokes  the 
hyperostosis.  There  can  be  little  doubt  that 
the  thickening  occurs  in  this  way,  but  intra- 
cranial tension  can  have  nothing  to  do  with  it, 
in  Aiew  of  the  fact  that  the  flat  endotheliomas 
which  do  not  increase  tension  are.  as  we  have 
seen,  those  which  most  often  tend  to  invade 
the  bone.  There  must  be  some  other  reason, 
therefore,  to  account  for  this  peculiar  process. 
One  occasionally  finds  a  meningeal  endo- 
thelioma in  which  there  is  a  tendency  to  bone 
formation  within  the  tumor  itself,  and  there- 
fore the  process  may  bear  some  relation  to  the 
bone-forming  properties  of  the  meninges,  but 
without  further  data  on  the  suljject  speculation 
is   futile.' 


l-'i"    8. — Microscopic    low- 
ing  through  entire  thickness 


4.  hi  another  connection  (with  C.  B.  Walker) 
an  example  has  been  given  of  a  basal  endothelioma 
which  had  extruded  itself  far  into  the  vaginal  sheath 
of  both  optic  nerves  without  destroying  the  tissue 
relationships.  This  case,  one  of  the  typical  tumors 
arising  from  the  olfactory  groove,  an  example  of 
which  was  pictured  by  Cruveilhier,  was  first  reported 
in  my  monograph  "The  Pituitary  Body  and  Its  Dis- 
orders," Philadelphia,  W.  B.  Saunders  Co.,  1912, 
and  later  on  from  its  ophthalmological  aspects  with 
C.  B.  Walker:  Arch.  Ophth.  45:427  (Sept.)  1916. 
p.  427. 

5.  In  an  article  with  Lewis  II.  Weed  (loc  cil.) 
we  described  and  figured  one  of  the  endotheliomas 
of  this  series  in  which  there  were  deposits  of  true 
bone,  not  only  in  the  tumor  but  also  in  the  arachnoid 
elsewhere. 

power    draw- 

of  tumor. 
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The  twenty  examples  of  hyperostosis  in  the  series  of  eighty  endo- 
theliomas represent  one  in  four,  but  unquestionably  this  is  too  small 
a  percentage  if  one  takes  into  consideration  the  cases  in  which  a  slight 
thickening  is  observed  on  the  inner  surface  of  the  skull  alone.     In  most 


Figs.  9,  lU  and  11.— Three  views  (natural  size)  of  bone  fragment,  showing  its 
outer  surface  in  the  upper  figure,  the  dural  surface  in  the  lower  figure,  and 
its   thickness    in   the   middle   figure.     The    dark   points   on   the   burred    surface 

of  the   middle   figure   represent  macroscopic   evidences  of   tumor. 

of  the  tumors  of  spherical  type  the  point  of  origin  of  the  growth 
from  the  meninges  is  clearly  apparent.  At  this  central  core  of  the 
tumor  the  dura  is  apt  to  be  indented  by  a  slight  endostosis,  often  too 
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small  to  be  recognized  by  the  roentgen  ray  and  in  the  operative  notes 
of  this  long  series  of  cases  the  particular  fact  may  not  always  have 
been  recorded. 

In  short,  the  tumors  do  not  always  behave  alike  in  their  efifect  on 
the  bone.  In  some  cases,  aside  from  the  increased  vascularity  with 
widening  of  the  diploetic  venous  channels  owing  to  stasis,  there  is 
no  apparent  change.     In  others,  the  bone  may  become  greatly  thinned 


ikfc^riS^- 


Fig.     12. — Low-power    photomicrograph     (X^O)     of     section    of    endothelial 
hyperostosis. 

and  the  tumor  find  its  way  to  the  surface  without  any  actual  tumor 
penetration  of  dura.  In  still  other  cases,  when  a  marked  hyperostosis 
has  been  produced,  the  central  portion  of  the  hyperostosis  may  through 
subsequent  absorption  become  occupied  by  tumor  cells  to  the  exclusion 
of  anything  more  than  occasional  bony  spicules,  and  in  these  cases 
the  appearance  of  the  bone  in  the  roentgen  ray  may  closely  simulate  a 
primary  sarcoma  of  malignant  character. 

Apart  from  their  relation  to  the  cranial  hyperostosis,  these  tumors 
have  many  features  of  unusual  interest.  Some  of  these  points  have 
been  touched  on  in  other  connections.  Thus,  in  a  paper  with  Weed 
in  our  series  of  articles  on  the  cerebrospinal  fluid,  the  fact  that  they  are 
in  all  probability  of  arachnoid  rather  than  rlural  origin,  as  commonly 
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believed,  was  touched  on.     It  is  our  belief  that  they  arise  from  the 
cell-clusters  of  the  arachnoid  villi  ])r()jecting  into  the  dura.'' 

Cruveilhier's  designation  of  these  tumors,  which  he  so  well  described, 
as  "tumeurs  cancereuses  des  meninges"  means  little  more  to  us  today 
than  does  the  "fungous  dura  matris"  of  his  predecessors;  and  as  the 
term  commonly  employed,  namely,  dural  endothelioma,  gives  the  wrong 
impression  of  the  membrane  from  which  the  growth  has  originated, 
the  designation  mcningothclioina  or  iiieiiiiujioiiia  is  suggested  as  a  com- 


i  ». 


-^i^lS J^  '"  >S^Ur  7^^/  #^r  F^  ^ S'?:^'' 


Fig.    13.— Section    of    temporal    muscle    (X  170)    showing    extracranial    endo- 
thelial  invasion. 

promise.  This  at  least  avoids  the  objections  which  the  embryologist 
might  raise,  for  strictly  speaking  the  growths  would  seem  to  be  properly 
called  mesotheliomas  of  arachnoid  origin.' 


6.  Gushing,  H.,  and  Weed,  L.  H. :  Studies  of  the  Cerebrospinal  Fluid  and 
its  Pathway.  IX.  Calcareous  and  Osseous  Deposits  in  the  Arachnoidea.  Bull. 
Johns  Hopkins  Hosp.  26:367-372  (Nov.)   1915. 

7.  There  are  other  varieties  of  endotheliomas  from  which  these  common 
tumors  must  be  distinguished,  such  as  those  of  supposedly  pial  origin  which  have 
no  dural  attachment.  These  are  exceedingly  vascular  growths,  sometimes 
designated  as  hemangio-endotheliomas.  Another  type  of  tumor  which  is  exceed- 
ingly rare  in  man  but  more  common  especially  in  the  horse,  is  that  form  of 
endothelioma  which  arises  from  the  choroid  plexus.  These  tumors  have  been 
classified  with  the  cholesteatomas,  though  the  latter  are  of  dermoid  or  epi- 
dermoid origin  and  bear  no  relation  to  the  endotheliomas.  With  endothelial 
tumors  of  these  sorts  we  are  not  here  concerned. 
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Needless  to  say,  were  all  these  tumors  associated  with  cranial  hyper- 
ostoses they  would  be  easily  recognized  and  localized.  Unfortunately 
they  are  not.  Hence,  in  the  absence  of  general  pressure  as  well  as  of 
localizing  symptoms,  they  may  remain  for  a  long  time  unrecognized 
and  may  ultimately  reach  such  a  size  that  their  removal,  even  when 
they  are  accessible,  is  a  most  formidable  operation.  The  largest  tumor 
in  the  series  weighed  246  gm.,  and  was  attended  by  extreme  circulatory 
stasis.  Even  when  focal  symptoms  do  appear  in  the  course  of  time, 
they  may  be  of  false  localizing  value,  as  was  the  case  with  one  of  these 
growths  described  in  another  connection.'^ 

The  meningiomas,  if  they  may  be  thus  called,  have  certain 
definite  seats  of  predilection,  and  for  the  most  part  each  group,  on 
the  basis  of  its  anatomic  seat  of  origin,  gives  a  very  definite  and 
characteristic  symptomatology.  A  discussion  of  these  matters  must 
await  a  more  extended  report  on  the  subject.  It  is  sufficient  for  this 
preliminary  note  to  point  out  in  summary : 

1.  That,  in  a  series  of  over  700  verified  tumors  there  have  been 
eighty  endotheliomas,  their  ratio  to  the  gliomas  being  about  one  to  four. 

2.  That  at  least  25  per  cent,  of  the  endotheliomas  are  accompanied 
by  an  overlying  hyperostosis  cranei  Avhich  is  either  palpable  externally 
or  demonstrable  by  the  roentgen  ray.  This  process  is  due  to  invasion  of 
the  bony  canals  by  tumor  cells,  with  resultant  stimulation  of  osteoblasts 
and  the  production  of  new  bone. 

DISCUSSION 

Dr.  William  G.  Spiller.  Philadelphia:  In  1899  my  attention  was  first 
called  to  the  subject  Dr.  Gushing  has  discussed,  and  in  that  year  Dr.  Kirkbride 
and  I  reported  a  case  of  localized  bony  enlargement  of  the  skull  over  a 
meningeal  tumor  before  the  Section  on  General  Medicine  of  the  College  of 
Physicians  of  Philadelphia.  I  believe  this  was  the  first  report  of  a  case  of 
this  kind  in  literature.  The  condition  was  an  endothelioma  growing  from  the 
cerebral   dura   with   endothelioma   cells   within   the   bony   enlargement. 

In  1903.  Brissaud  and  Lereboullet  reported  two  cases  in  which  they  con- 
sidered the  tumor  of  the  brain  as  secondary  to  the  enlargement  of  the  bone 
of  the  skull.  In  one  of  these  cases  there  had  been  an  enlargement  of  the  bone 
since  childhood,  and  it  was  not  until  the  age  of  29  that  symptoms  of  tumor 
developed.  Multiple  tumors  were  found  growing  from  the  dura.  In  1907,  I 
published  a  paper  in  The  Journal  of  the  American  Medical  Association  con- 
taining in  full  a  report  of  my  first  case,  with  the  report  of  another  similar 
case.  In  this  second  case  the  patient  was  syphilitic,  and  I  believed  that 
syphilis  was  the  cause  of  the  bony  growth  of  the  skull.  A  few  other  cases  were 
reported  before  1907. 

It  has  seemed  important  to  recognize  that  where  there  is  a  localized  large 
bony    growth    of   the    skull,    tumor    is    likely    to    be    found    beneath    or    near    it 
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growing  from  the  dura,  and  this  fact  is  of  great  iini)ortance  as  regards  opera- 
tion. In  one  such  case,  with  this  thought  in  mind,  1  urged  exploratory  opera- 
tion although  the  symptoms  of  intracranial  tumor  were  not  severe.  The  man 
refused  operation  and  at  necropsy  a  tumor  growing  from  the  cercljral  dura  was 
found. 

I  should  like  to  ask  Dr.  Gushing  in  how  many  of  his  cases  of  meningeal 
tumor  microscopic  examination  of  the  bony  growth  was  made,  and  in  what 
proportion  of  his  cases  he  found  by  such  microscopic  examination  tumor  cells 
within  the  bony  enlargement.  I  am  willing  to  acknowledge  that  tumor  cells 
may  be  found  within  the  bony  enlargenunt.  and  in  my  first  case,  reported  in 
1899,  such  cells  were  found,  hut  1  have  not  jjeen  convinced  that  the  bony 
enlargement  in  these  cases   is  always   secondary  to  the  meningeal  growtii. 

The  matter  is  one  of  great  importance.  If  we  may  Ix-lieve  that  the  bony 
enlargement  is  primary,  we  may  hope  to  prevent  the  development  of  a  meningeal 
tumor  by  operation  at  an  early  date. 

Dr.  Charles  A.  Elsberg,  New  "^'ork  :  1  have  seen  quite  a  numl)er  of  cases 
with  the  bony  changes  of  wdiioli  Dr.  Lushing  has  spoken;  in  two  of  the 
patients  I  iiad  an  experience  concerning  which  I  would  like  to  ask  Dr.  Gushing. 
The  involvement  of  the  bone  was  so  extreme  that  it  would  have  meant  an 
extensive  removal  of  the  cranium.  In  both  I  did  not  remove  all  the  tumor 
containing  bone.  These  patients  have  remained  well,  one  for  five  and  one  for 
seven  years,  without  further  enlargement  of  the  bone  and  w^ithout  any  symp- 
toms, and  apparently  either  the  tumor  in  the  bone  grew  ver\-  slowly  or  the 
bony  growth  was  interfered   with  after   part  of  the  tumor  had  been   removed. 

Dr.  Archibald  Church,  Chicago:  TJie  lack  of  symptoms  in  some  of  these 
cases  is  rather  a  startling  clinical  feature.  I  recall  an  elderly  woman  who 
developed  a  paraplegia  with  the  symptoms  of  spinal  cord  tumor.  Incidentally 
one  day,  to  calm  her,  I  put  my  hand  on  her  head  and  felt  a  large  defect  in 
the  skull.  .\  little  further  investigation  revealed  three  openings  in  her  skull, 
in  any  one  of  which  a  hen's  egg  might  have  been  placed.  These  findings  were 
confirmed  by  a  roentgenogram  of  the  skull.  She  never  had  had  a  head  symp- 
tom nor  had  she  complained  about  her  head.  At  her  death,  three  of  these 
growths  which  had  produced  the  large  windows  of  the  skull  were  found  and 
also   a   somewhat  similar  growth   causing  spinal   paraplegia. 

In  other  cases  affecting  the  I)rain  and  leading  to  operation,  the  symptoms 
had  Ijeen  comparatively  insignificant. 

Dr.  Gushing,  in  closing:  In  answer  to  Dr.  Spiller's  question,  the  reason 
why  these  conditions  have  not  been  fully  studied  is  because  there  is  a  good 
deal  of  difficulty  in  sectioning  bone ;  and  when  there  is  an  obvious  tumor, 
the  histologic  nature  of  which  can  be  verified  easily  without  decalcification, 
the  overlying  bone  has   been  neglected. 

In  the  preparation  of  this  paper  I  have  gone  over  all  of  the  old  specimens 
and  practically  all  of  them  have  been  sectioned.  I  confess  to  a  certain  amount 
of  hesitation,  when  the  nature  of  a  tumor  has  been  verified,  to  subject  an  over- 
burdened department  on  pathology  to  the  necessity  of  decalcifying  the  accom- 
panying fragments  of  bone.  However,  tumor  has  been  found  in  every  case 
examined,  and  I  judge  that  twenty  or  thirty  have  been  gone  over  recently. 

Dr.  Elsberg's  point  is  one  with  which  I  can  fully  concur.  These  growths 
are  what  Paget  calls  locally  malignant  tumors.  The  cases  which  I  have  chosen 
for  the  lantern  slide  demonstration  in  connection  with  my  paper  have  been  the 
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sphenotemporal  tumors.  On  one  slide  half  a  dozen  of  them  were  shown.  The 
bone,  under  those  circumstances,  is  extensively  involved  throughout  the  whole 
temporal  fossa  The  outer  side  of  the  orbit  is  involved,  causing  exophthalmos, 
and  it  is  practically  impossible  in  these  circumstances  to  remove  all  of  the 
affected  bone.  It  is  of  course  not  difficult  when  the  area  of  bony  involvement 
is  less  inaccessible. 

In  reply  to  Dr.  Church's  question  as  to  the  lack  of  symptoms,  the  tumors 
may  be  multiple,  but  that  is  true  also  of  the  neurinomas,  that  is,  the  acusticus 
tumors,  and  there  is  a  very  interesting  relation  between  these  tumors  and  the 
meningiomas.  My  tumor  series  now  includes  sixty-seven  acoustic  tumors,  all 
of  them  unilateral.  When  these  lesions  are  single,  there  may  be  slight  mani- 
festations of  a  Recklinghausen's  syndrome — a  few  fibromas  on  the  skin,  for 
example — but  usually  that  is  all.  When,  however,  an  acoustic  tumor  is  bilat- 
eral, as  they  sometimes  are,  it  is  often  accompanied  by  multiple  meningeal 
tumors  of  the  type  under  discussion.  Dr.  Bassoe  and  others  have  reported 
cases  of  this  kind.  Hence,  there  is  some  relation  between  tumors  of  these  two 
types,  but  it  is  rare  to  find  the  lesions  multiple. 


VENTRICULAR     RADIOGRA   PHY     IX     THE     DIAGXCXSIS 
OF    BRAIN    TUMORS 
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A  series  of  slides  was  shown,  demonstrating  the  localization  of  tumors  in 
the  various  parts  of  the  lirain  by  cerebral  pneumography.  Tumors  anywhere 
producing  symptoms  of  intracranial  pressure  should  be  localized  in  this  way. 
If  there  are  localizing  symptoms  there  is  no  necessity  for  the  injection  of  air. 
The  dangers  of  the  procedure  were  indicated  and  emphasized  as  serious  and 
only  to  be  assumed  by  one  with  experience  in  intracranial  work;  but  it  was 
pointed  out  that  these  dangers  were  small  compared  to  the  dangers  of  futile 
operations  in  attempting  to  find  a  tumor  not  previously  localized.  The  indi- 
cated treatment  for  any  Ijrain  tumor  is  a  precise  localization,  and  an  accurate 
treatment  rather  than  one  of  guesswork. 

The  extirpation  of  gliomas  in  the  cerebral  hemispheres  and  cerebellum  was 
briefly  outlined.  The  treatment  consists  of  extirpation  of  the  tumor  together 
with  a  zone  of  healthy  brain  tissue  around.  The  ultimate  results  of  such' 
treatment  must  await  the  verdict  of  time.  The  operation  itself  entails  only 
a  'Small  mortality  and  there  is  no  mental  or  physical  defect  produced  which 
was  not  previously  caused  by  the  tumor's  growth.  Such  resections,  of  course, 
are  restricted  to  silent  or  nearly  silent  areas  of  the  brain  and  are  not  indi- 
cated in  the   left  temporal   lobe. 

DISCUSSION 

Dk.  Ernest  Sachs,  St.  Louis :  I  have  followed  Dr.  Dandy's  work  with 
great  interest  and  have  used  his  method  since  1918.  In  my  limited  experience 
with  the  method,  there  have  been  few  cases  in  which  it  has  been  of  any  value. 

I  reviewed  my  last  fifty  cases  of  tumor  and  found  that  I  had  exposed  the 
tumor  at  operation  in  70  per  cent,  of  the  patients.  There  is  a  great  discrepancy 
if  Dr.  Dandy  is  able  to  localize  every  tumor  with  this  method.  However,  I 
note  he  states  that,  in  his  experience,  l)ut  50  per  cent,  of  the  tumors  can 
be  diagnosed  neurologically.  Since  he  has  pointed  out  that  the  method  is  of 
real  danger,  it  seems  that  we  ought  to  emphasize  the  importance  of  very 
careful  neurologic  study,  with  a  view  of  making  use  of  this  method  only  in 
those  cases  in  which  localization  is  absolutely  impossible. 

I  am  inclined  to  take  exception  to  Dr.  Dandy's  statement  that  the  removal 
of  such  enormous  areas  of  the  brain  can  be  accomplished  without  shock  to 
the  patient  or  without  mortality.  In  my  experience,  such  a  procedure  has 
been  attended  by  considerable  mortality.  One  other  point  which  we  shall 
have  to  determine  is  whether  life  is  prolonged  by  a  palliative  rather  than  an 
operative   procedure    in   the   case   of   an    infiltrating   tumor. 

Dr.  Israel  Strauss,  New  York :  I  believe  all  neurologists  feel  that  any 
method  which  will  assist  in  the  localization  of  brain  tumors  is  of  great  impor- 
tance. All  of  us  probably  have  had  difficulty  in  differentiating  between  a 
tumor  in  the  cerebellum  and  a  tumor  in  the  frontal  lobe.  Dr.  Dandy's  method 
would  offer  the  hope  of  surmounting  that  difficulty.  If  a  tumor  in  the  frontal 
lobe  showed  an  involvement  of  the  ventricle,  there  would  be  no  hesitancy  in 
discarding  the  possibility  of  a  tumor  in  the  cerebellum.  Likewise,  if  we  sus- 
pect that  a  tumor  is  in  the  cerebellum  and  find  no  involvement  of  the   lateral 
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ventricle   and   no   internal    hydrocephalus,    it   might   aid    us   to   reach   the   con- 
clusion that  such  a  neoplasm  is  present  in  that  posterior  fossa. 

Regarding  the  operation  on  infiltrating  gliomas,  a  neurologist  must  not  be 
too  conservative  in  the  presence  of  these  growths.  I  recall  an  instance  in 
which  the  neurosurgeon  removed  practically  the  entire  hemisphere  of  a  patient, 
who  afterward  died.  It  is  true  that  we  found  this  tumor  going  over  to  the 
opposite  side.  This  was  a  "chordotomy"  of  the  cerebrum.  If  any  of  us  were 
asked  our  choice  as  to  whether  we  wanted  to  live  with  an  infiltrating  glioma 
or  be  relieved  by  a  cerebral  "chordotomy"  we  probably  would  choose  the  latter. 

Dr.  M.  Allen  St.\rr.  New  York :  There  are  two  methods  of  approaching 
this  subject.  The  first  is  the  neurologic.  We  need  aid  in  operating  on  brain 
tumors  because  those  who  have  had  large  experience  are  less  encouraged  at 
the  present  time  than  they  were  twenty  years  ago.  The  larger  proportion  of 
brain  tumor  operations  are  failures.  The  second  way  of  approach  is  the  sur- 
gical. \\'e  have  something  oflfered  to  us  by  Dr.  Dandy  which  is  epochmaking, 
if  it  can  be  executed  properly. 

Dr.  H.\rvey  Cushixg,  Boston :  We  all  differ  in  our  degree  of  conserva- 
tism about  disease  and  the  methods  which  are  justifiable  for  purposes  of  diag- 
nosis and  treatment.  I  wish  that  Dr.  Dandy  would  state  specifically  the 
number  of  tumor  cases  he  has  investigated  in  this  manner.  I  believe  that 
he  has  tended  to  be  overenthusiastic  about  the  procedure  and  to  belittle  the 
risks.  He  speaks  of  300  cases  in  which  he  has  used  the  method,  and  I  hope 
he  will  tell  us  how  manj^  of  these  actually  proved  to  be  tumors  that  could 
not  have  been  localized  by  the  usual  neurologic  studies. 

Dr.  Dandy  reports  only  three  deaths  in  this  series  which  contained,  if  I 
understood  correctly,  100  tumors  which  could  not  be  localized  by  other  means. 
The  subject  was  under  discussion  at  a  recent  meeting  of  the  Neurosurgical 
Society,  and  I  should  judge  from  the  returns  that  the  mortality  in  other  hands 
has  been  very  much  higher,  though  that  may  be  explained  partly  by  our  inex- 
perience. Moreover,  the  information  which  has  been  given  by  the  plates  was 
perhaps  not  as  dependable  as  Dr.  Dandy  has  led  us  to  hope  it  might  lie.  Time 
will  settle  these  matters,  as  it  has  with  the  use  of  the  roentgen  ray  in  local- 
izing and  diagnosing  lesions  of  the  pylorus,  for  example.  We  gradually  have 
learned  what  filling  defects  are,  and  so  we  may  learn  also  what  filling  defects 
are  in  the  case  of  the  ventricles.  However,  I  am  quite  sure  that,  as  we  see 
such  cases  earlier,  it  will  become  even  more  difficult  than  it  is  to  recognize 
cases  in  this  way,  because  a  tumor,  unless  it  happens  to  arise  in  the  ventricle, 
must  attain  considerable  size  before  it  can  change  tlic  configuration  of  the 
ventricles  in  such  a  way,  or  to  be  of  localizing  value. 

My  small  experience,  together  with  what  I  have  gathered  from  others,  leads 
me  to  believe  that  the  risks  are  no  less  than  those  we  assume  in  doing  a  lum- 
bar puncture  and  withdrawing  fluid  in  the  presence  of  a  cerebellar  tumor.  We 
believe  that  it  is  hazardous,  though  we  perhaps  may  have  overemphasized 
them.  One  cannot  withdraw  fluid  from  the  ventricles  without  dislocations 
which  may  be  serious  and  may  accentuate  greatly  preexisting  pressure  symp- 
toms ;  nor  do  I  understand  how  these  symptoms  can  be  set  aside  by  the 
reinjection  of  fluid.  Certainly,  if  one  had  respiratory  difliculties  after  draw- 
ing off  fluid  by  lumbar  puncture,  he  would  not  venture  to  attempt  a  replace- 
ment of  the  fluid. 

I  hope  that  Dr.  Dandy  will  give  us  additional  information  in  regard  to  his 
view  of  replacing  the  air  by  fluid,  if  hyperthermia  supervenes.  If  there  is  any 
way  of  checking  hyperthermia,  I  shall  be  glad  to  know  of  it. 
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In  Dr.  Dandy's  enthusiasm,  he  has  led  many  to  1)elicve  that  a  shortcut 
to  the  localization  of  brain  tumors  has  l)een  discovered  and  that  all  such 
patients  should  be  subjected  to  it.  I  may  be  unduly  conservative,  but  I  have 
grave  doubts  of  this.  If  the  procedure  has  been  so  successful  in  Dr.  Dandy's 
hands,  it  is  incumbent  on  him,  for  the  sake  of  others,  to  be  less  general  and 
more  specific  in  regard  to  removing  tumors  that  could  not  otherwise  have 
been  detected  and  removed,  or  those  which  may  have  Ijecn  shown  by  the 
method  to  be  unsuited  for  operation.  Even  if  this  should  represent  only  a 
small  percentage  of  brain  tumors,  instead  of  the  majority  he  claims,  we  must 
eagerly  accept  the  procedure  as  a  very  important  contribution. 

Dr.  Bernard  Sachs,  New  York:  I  have  been  thoroughly  impressed  with 
the  dangers  and  limitation  of  the  method.  It  should  be  applied  only  in  cases 
in  which  the  ordinary  neurologic  examination  fails  to  disclose  the  probable 
site  of  the  tumor.  Dr.  Dandy  has  emphasized  that  the  procedure  has  to  be 
applied  with  extreme  care  and  that  the  surgeon  should  be  present  at  the  time 
the  roentgen-ray  plates  are  applied  to  the  head. 

Dr.  Lewis  J.  Pollock,  Chicago:  I  should  like  to  ask  Dr.  Dandy  whether 
any  extensive  studies  have  been  made  on  normal  lateral  ventricles  and  whether 
any  definite  study  has  been  made  on  the  influence  of  lesions  in  certain  parts 
of  the  brain  in  specifically  changing  the  mechanics  of  the  ventricular  system. 
Dr.  Loyal  E.  Davis  and  I  have  studied  a  number  of  normal  brains  fixed  in  situ; 
and,  although  we  have  had  only  thirty-six  cases,  I  can  readily  see  that  there 
are  a  great  number  of  variations  which  should  be  definitely  noted.  This  is 
particularly  true  in  reference  to  the  posterior  horns,  which  in  some  instances 
are  exceedingly  asymmetrical,  very  often  quite  blunt,  so  that  one  miay  be  likely 
to  misinterpret  from  a  ventriculogram  of  such  a  horn,  as   impinging  tumor. 

Dr.  Charles  H.  Frazier,  Philadelphia :  I  believe  that  the  discussion  on 
this  subject  will  be  more  interesting  a  year  hence,  when  we  shall  have  had  a 
larger  experience  and  shall  he  able  to  present  statistics  more  accurately  with 
regard  to  the  helpfulness  in  diagnosis,  the  risk  of  the  method  and  the  increased 
percentage  of  the  cases  in  which  tumor  may  be  removed  radically.  As  Dr. 
Cusliing  has  said,  we  have  been  handicapped  by  the  lack  of  specific  informa- 
tion in  regard  to  technic.  As  to  the  propriety  of  endorsing  what  might  be 
said  to  be  a  blocked  section  of  brain  tumors,  comparable  in  a  way  to  a 
blocked  section  of  tumors  of  the  breast  where  one  would  block  out  the  mammary 
gland,  the  underlying  muscle  and  all  tissue  adjacent  to  the  tumor  or  pos- 
sibly involved  by  it,  my  opinion  is  that  this  should  be  regarded  as  an  extremely 
hazardous  procedure.  I  should  be  disposed  to  look  on  these  deepseated  infil- 
trating gliomas  in  which  the  definition  is  not  sharp,  in  which  the  tumor  tissue 
shades  ofif  into  the  neighborhood,  as  inoperable  from  the  standpoint  of  eradi- 
cation and  of  making  a  rapid  recovery.  I  should  be  in  favor  of  resorting  to 
removal  by  decompression,  followed  liy  radium  therapy  by  direct  implanta- 
tion and  later  by  the  indirect  method. 

Dr.  Charles  A.  Elsberg,  New  York :  I  have  done  about  forty  ventricu- 
lographies, a  number  in  hydrocephalus  of  infancy  and  childhood  and  a  number 
in  brain  tumors.  In  two  cases  of  the  latter,  the  ventriculogram  was  of  great 
aid  in  localizing  the  growth.  One  of  the  patients  was  a  young  woman.  It 
was  not  certain  whether  she  had  a  cerebellar  or  frontal  tumor,  and  the  ven- 
triculogram contributed  considerably  to  our  arriving  at  a  correct  conclusion: 
that  the  patient  had  a  cerebellar  tumor. 
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I  have  been  very  conservative  in  making  ventriculograms  on  account  of 
the  dangers  of  the  procedure ;  but  I  have  been  fortunate  in  not  having  had 
any  deaths,  although  in  one  of  my  earliest  patients  there  were  very  severe 
symptoms  after  the  air  injection.  In  one  of  the  institutions  in  which  I  am 
working,  about  90  per  cent,  of  brain  tumors  were  correctly  diagnosed  and 
localized  before  the  operation,  during  the  past  year. 

I  should  like  to  know  Dr.  Dandy's  point  of  view  regarding  the  following 
question  which  concerns  the  removal  or  attempted  removal  of  large  infiltrat- 
ing growths :  Presuming  that  an  attempt  to  extirpate  a  large  infiltrating  tumor 
is  justified,  how  is  one  to  know  after  beginning  whether  the  entire  growth 
with  surrounding  brain  can  be  removed?  It  is  impossible  to  foretell  how  large 
a  tumor  is.  If  one  is  dealing  with  a  cystic  glioma  the  size  of  which  has  been 
determined  by  air  injection  and  radiography  of  the  air  in  the  cyst,  a  fairly 
correct  idea  of  the  size  of  the  growth  is  obtained.  It  is  an  entirely  different 
matter  when  one  is  dealing  with  a  solid  infiltrating  tumor  whose  extent  cannot 
be  judged.  The  excision  of  small  infiltrating  growths,  especially  if  they  lie 
in  or  near  the  cortex,  is  of  course  justified. 

Dr.  How.\rd  C.  Xaffziger,  San  Francisco  (by  invitation)  :  I  have  had 
experience  with  approximately  forty  cases  since  the  latter  part  of  1919,  of 
which  about  fifteen  have  been  cases  of  tumor.  I  have  been  fortunate  in  not 
having  any  deaths  and  only  one  severe  reaction.  Possibly  because  of  my 
lack  of  ability  in  interpretation,  I  have  not  received  help  in  localizing  growths 
which  lay  between  the  foramen  of  Monroe  and  the  foramina  of  Magendie 
and  Luschka.  The  cases  in  which  I  have  received  aid  have  been  those  in 
which  there  has  been  some  uniform  enlargement,  which  caused  deformity  of 
the  lateral  ventricle. 

I  agree  with  Dr.  Strauss  that  one  does  not  explore  a  normal  cortex  with 
much  feeling  of  security  unless  there  is  definite  evidence  that  there  is  a 
lesion  beneath. 

Recently,  I  had  a  case  of  endothelioma  such  as  springs  from  the  base  of 
the  middle  fossa,  in  which  the  inferior  horn  was  obliterated  and  a  portion  of 
the  superior  horn  reduced  to  a  narrow  canal  on  the  right  side.  I  believe 
that  in  less  than  half  of  the  cases  I  have  received  help. 

Dr.  Colin  K.  Russel,  Montreal :  We  want  to  know  what  actual  risk  is 
entailed  and  the  reasons  therefor,  so  that  danger  may  lie  avoided,  if  possible. 
Dr.  Dandy  has  reported  several  cases,  but  until  wo  have  actual  statistics  we 
must  take  the  risk  blindly. 

Dr.  James  B.  Ayer,  Boston :  I  agree  with  Dr.  Russel  that  even  those  who 
claim  a  large  percentage  of  accurate  diagnoses  made  by  clinical  examination 
will  admit  that  there  is  still  a  residuum  of  cases  in  whicli  any  measure  which 
will  bring  light  will  be  welcome,  and  such  a  measure  is  pneumoventriculogra- 
phy.  To  my  mind  the  discussion  turns  chiefly  on  the  question  of  the  safety 
of  the  procedure. 

As  I  understand  his  lechnic.  Dr.  Dandy  inserts  a  needle  into  the  ven- 
tricle, draws  off  a  considerable  amount  of  fluid,  and  then  replaces  it  with 
air.  In  such  a  procedure,  there  can  be  no  doubt  that  a  rapid,  perhaps  sudden. 
reduction  of  cerebral  pressure  occurs,  followed  by  a  rapid  increase  of  pres- 
sure which  may  be  greater  or  less  than  that  originally  present.  It  seems  to 
me  that  the  ideal  to  be  approached  would  be  substitution  of  air  for  fluid, 
with  no  change  of  pressure  at  all.  If  that  could  be  dune,  dangers  incident 
on  change  of  pressure  could  be  eliminated. 
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Recently  Dr.  Alixter  performed  pneumoventriculography  with  a  two-way 
needle  which  I  had  made  experimentally  as  follows :  Two  luml)ar  puncture 
needles  were  soldered  together  in  order  to  make  one  needle  with  two  bores. 
To  one  was  attached  a  glass  manometer  which  ran  up  to  about  350  mm.  the 
height,  being  varied,  however,  by  means  of  rubber  tubing  between  the  needle 
and  manometer.  The  upper  end  of  the  manometer  was  bent  over  to  allow 
fluid  to  be  collected  in  a  test  tube.  The  other  needle  was  connected  with  a 
syringe.  As  air  was  introduced  from  the  syringe,  fluid  was  slowly  forced 
out,  the  whole  procedure  taking  place  under  the  same  pressure  as  originally 
found  in  the  ventricle.  It  seems  to  me  that  modifications  of  the  procedure 
along  such  lines  should  make  the  technic  safer. 

Dr.  Harry  Hyland  Kerr,  Washington,  D.  C.  (l)y  invitation)  :  In  my 
experience  with  twenty  cases  of  ventriculography,  I  have  had  no  deaths.  In 
two,  the  procedure  helped  materially,  though  neurologic  examination  gave  a 
presumptive  localization.  In  two  cases,  I  was  misled.  In  both  of  these,  the 
roentgen-ray  evidence  pointed  to  posterior  tumor.  I  should  like  to  ask  Dr. 
Dandy  whether  the  normal  variation  referred  to  by  Dr.  Pollock  has  ever 
caused  him  to  make  a  negative  exploration. 

Dr.  Adolf  Meyer,  Baltimore:  A  series  of  observations  tliat  I  made  years 
ago  in  current  necropsies  corroborates  Dr.  Pollock's  findings  that  in  the 
occipital  lobe  we  must  use  caution  not  to  consider  any  asymmetry  of  the 
posterior  horns  alone  as  an  indication  of  any  disturbance  in  the  structure  of 
the  brain,  because  asymmetry  occurs  exceedingly  often.  Therefore,  in  that 
region  at  least,  there  is  very  definite  necessity  for  additional  symptoms,  and 
we  are  able  to  obtain  those,  because  the  occipital  lobe  after  all  is  one  of  the 
most  sensitive  areas  on  account  of  the  visual  field  interferences. 

Dr.  Charles  E.  Dowman,  Atlanta,  Ga.  (by  invitation)  :  I  have  used  Dr. 
Dandy's  method  in  all  suspected  tumor  cases  when  neurologic  examination 
failed  to  give  an  accurate  localization.  It  has  been  of  value  in  two  respects; 
namely,  in  localizing  cerebral  tumors  and  in  excluding  tumor.  One  tumor  of 
the  anterior  part  of  the  corpus  callosum  involving  the  third  ventricle  was 
accurately  localized  by  the  method.  This  unfortunately  was  inoperable,  prov- 
ing to  be  a  rather  large  glioma,  which  was  confirmed  at  necropsy.  Another 
case  was  one  of  frontal  lolie  tumor  in  which  there  was  a  certain  element  of 
doubt  as  to  the  localization.  It  was  accurately  located  by  air  injection  and 
later  was  removed  with  success. 

There  were  four  or  five  cases  of  questionable  tumor,  cases  in  which  there 
were  papilledema  and  increased  intracranial  pressure,  with  no  localizing  find- 
ings or  symptoms  whatsoever,  in  which  air  injection  seemed  to  exclude  tumor, 
in  that  we  obtained  fairly  normal   appearing  ventricles  with  no  filling  defects. 

I  believe  that  the  method  is  more  or  less  dangerous,  although  personally 
I  have  had  no  fatalities.  I  have  always  accompanied  the  patient  to  the 
roentgen-ray  room,  have  manipulated  the  head  myself  and  have  immediately 
withdrawn  the  air  after  the  examination.  I  have  noticed  that  in  inserting 
the  needle  in  order  to  withdraw  the  air,  a  large  amount  of  serosanguincous 
fluid  escapes  in  addition  to  the  air.  This  would  seem  to  indicate  that  the 
air  acts  as  an  irritant  and  produces  an  oversecretion  of  ventricular  fluid.  I 
wish  to  emphasize  the  importance  of  withdrawing  this  fluid  and  the  air  imme- 
diately after  the  roentgen-ray  study.  I  believe  such  a  practice  will  prevent 
to  a  large  extent  the  element  of  danger. 
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Dr.  Daxdv,  Baltimore :  I  did  not  mean  to  give  the  impression  that  this 
was  not  a  dangerous  procedure,  for  I  have  tried  to  emphasize  the  dangers 
in  every  publication.  In  fact,  the  danger  is  so  great  that,  even  with  my 
enthusiasm  for  and  confidence  in  the  method,  I  have  often  wondered  whether 
it  has  not  done  more  harm  than  good  because  of  indiscriminate  use  without 
judgment. 

The  procedure  is  one  w^hich  must  be  handled  with  great  caution,  and  the 
surgeon  must  be  willing  to  observe  the  patient  with  care ;  for  the  dangers  can 
be  eliminated  by  very  close  after-care  of  the  patient. 

A  few  years  ago,  we  analyzed  a  series  of  cases  from  the  hospital  which 
had  been  thoroughh'  studied.  We  are  fortunate  in  that  we  have  had  the 
experience  of  Dr.  Thomas  in  practically  all  of  the  brain  tumor  cases  and  in 
some  that  of  Dr.  Meyer.  Therefore,  in  giving  the  statistics  of  50  per  cent, 
localization  of  brain  tumors,  there  are  no  apologies  due  because  many  of 
those  cases  were  verified  only  after  two  and  sometimes  even  three  operations. 

If  one's  experience  is  largely  with  pituitary  tumors  or  those  which  are 
self-localizing,  the  percentage  of  necessary  uses  for  ventriculography  would 
be  very  much  less.  I  am  sorry  that  I  have  not  the  accurate  statistics,  but 
I  can  assure  you  that  the  percentages  which  I  have  given  are  correct. 

I  can  readily  see  why  everyone  does  not  obtain  results  from  the  use  of 
the  procedure :  for  one  can  be  misled  easily  in  the  interpretation  of  the  plates, 
unless  he  has  had  sufficient  experience  in  differentiating  the  phantom  from  the 
real  shadows,  and  unless  he  knows  every  step  taken  in  placing  the  patient'* 
head  correctly.  The  results  which  I  have  obtained  will  substantially  bear 
out  the  successful  use  of  the  method.  If  one  can  localize  a  tumor  as  small  as 
a  hickory  nut.  7  cm.  below  the  surface  of  the  brain  in  a  lateral  ventricle, 
or  precisely  locate  a  tumor  the  same  size  in  the  third  ventricle,  and  remove 
them  at  operation,  it  is  sufficient  proof  that  there  is  objective  evidence  of  the 
merits  of  the  procedure. 


SHALL     WE     DECOMPRESS     FOR     CHOKED     DESK? 
B.    SACHS,    M.D. 

NEW    YORK 

The  importance  of  choked  disk  as  a  sign  of  intracranial  disease  is 
all  the  greater  because  in  many  instances  it  appears  early,  and  in  many 
others  the  diagnosis  is  uncertain  until  this  sign  does  appear.  Taken 
by  itself,  it  is  alarming,  and  the  impulse  among  neurologists  and  neuro- 
surgeons to  do  something  in  order  to  avert  impending  blindness  is 
natural  and  excusable. 

During  the  last  twenty-nine  years  I  have  been  in  charge  of  a  very 
active  neurologic  service,  and  during  this  period  brain  tumors  and 
allied  conditions  have  had  my  serious  attention.  H  the  tumor  (a  cyst, 
neoplasm  or  abscess)  could  be  reached,  a  direct  attack  on  the  lesion 
was  planned.  Not  infrequently  the  growth  or  abscess  could  not  be 
localized  accurately,  but  the  choked  disk,  with  the  fear  of  impending 
amaurosis,  had  to  be  considered.  Decompression  was  advised  and  per- 
formed many  times  in  the  hope  of  averting  blindness,  which  was  almost 
certain  to  set  in  long  before  the  patient's  life  was  in  danger.  Of  late 
years  I  have  had  less  and  less  faith  in  the  efficacy  of  decompression. 
Personal  impressions  of  many  years  had  led  to  a  firm  belief  that  often 
decompression,  pure  and  simple,  did  not  effect  what  it  promised.  One 
neurosurgeon  said  that  he  would  not  perform  a  decompression  for 
pontile  tumors.     Then  I  queried,  Ls  it  ever  worth  while? 

So  I  requested  one  of  my  adjuncts.  Dr.  Wechsler,  to  whom  the 
records  on  brain  tumor  had  been  entrusted  for  special  study,  to  analyze 
these  records  with  reference  to  decompression  operations.  One  hundred 
and  forty  cases  of  brain  tumor  from  the  neurologic  and  neurosurgical 
clinics  were  studied.  Many  cases  were  excluded  because  of  unsatis- 
factory or  complicating  conditions.  Of  these  140  cases,  forty-five  (32 
per  cent.)  were  completely  unlocalized.  Ninety-five  (68  per  cent.) 
during  the  period  of  examination  were  localized.  Incidentally  it  may 
be  of  interest  to  note  the  occurrence  or  nonoccurrence  of  choked  disk 
in  relation  to  the  site  of  the  tumor. 

The  table  shows  that  of  nineteen  cases  of  cerebellar  tumor,  choked 
disk  was  present  in  seventeen,  and  absent  in  only  two.  In  tumors 
of  the  hypophysis,  it  was  present  in  three  and  absent  in  twelve.  In 
frontal  lobe  tumor  it  was  present  nine  times  and  absent  four  times, 
whereas  in  temperosphenoidal  tumors  it  was  absent  in  one  case  and 
present  in  nine;  and  of  eight  angle  tumors,  it  was  present  four  times 
and  absent  four  times.  Taking  the  entire  list  of  ninety-five  localized 
tumors,  choked  disk  was  present  in  sixty-four  cases  and  absent  in 
thirtv-one. 
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The  large  percentage  of  nonlocalized  tumors  shows  that  large 
growths  may  develop  in  a  silent  area  and  not  cause  a  single  localizing 
sign  until  the  growth  invades  a  more  distant  part  of  the  brain.  This 
is  particularly  true  of  all  frontal  tumors.  The  psychic  phenomena, 
the  olfactory  disturbances,  the  special  forms  of  ataxia  associated  with 
frontal  lobe  neoplasms,  often  leave  one  in  the  lurch,  and  sensitiveness 
to  percussion  is  not  infrequently  misleading.  But  when  there  is  invasion 
of  the  parietal  areas  the  symptoms  become  definite.  As  a  result  of 
this,  the  diagnosis  of  parietal  tumor  is  sometimes  made  when  the 
growth  originates  elsewhere. 

Choked  Disk  in  Various  Intracranial  Tumors 

Number  of     Choked      No  Choked 

Site  Cases  Disk  Disk 

Cerebellum    19  17  2 

Hypophysis    15  3  12 

Frontal  lobe 13  9  4 

Temperosphenoidal   10  9  1 

Cerebello-pontile  angle  8  4  4 

Posterior  fossa    4  3  1 

Parieto-occipital    6  4  2 

Right  hemisphere   7  5  2 

Left  hemisphere    5  4  1 

Third  yentricle    2  2 

Fourth  yentricle    2  2 

Lateral  yentricle  1  1 

Pontile    2  ..  2 

Pineal 1  1 

Total  95  64  31 


This  very  vmcertainty  as  to  the  initial  site  of  the  tumor  and  the 
still  greater  uncertainty  as  to  the  extent  of  the  growth,  in  many 
instances  render  the  neurosurgical  problem  a  most  perplexing  one. 
Though  the  localizing  signs  may  be  absent,  the  general  symptoms,  and 
above  all,  the  choked  disk  demand  attention. 

In  a  series  of  thirty-eight  cases  decompression  was  performed 
for  the  relief  of  this  special  condition.  In  seven  of  these  cases  the  site 
of  the  tumor  remained  wholly  unknown.  Of  these  thirtN'-eight  cases, 
which  were  retained  in  the  hospital  and  studied  long  enough  to  judge 
of  the  results,  twenty-nine  showed  no  recession,  in  four  cases  there 
was  distinct  improvement,  so  that  the  operation  may  have  been  con- 
sidered satisfactory.  Five  showed  slight  recession.  In  five  of  the 
twenty-nine  cases  which  showed  no  recession,  optic  atr()j)hy  resulted. 
In  others,  optic  atrophy  may  have  developed  at  later  jieriods.  There 
may  be  some  satisfaction  if  any  vision  is  retained,  but  it  doe^  not 
prove  that  decompression  promotes  recession  of  choked  disk. 

Under  these  circumstances,  there  would  appear  to  be  strong 
corroboration  of  the  impression   that  decompression  operations,  pure 
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and  simple,  promise  little — and  let  me  say  that  it  seems  to  matter  little 
whether  the  decompression  he  of  the  ordinary  subtemporal  or  sub- 
occipital type — the  suboccipital  site  having  been  chosen  naturally  when 
there  was  a  suspicion  of  a  cerebellar  or  cerebellopontile  angle  tumor. 
One  is  tempted  to  ask  whether  decompression  operations  really  decom- 
press, and  whether  or  not  in  the  presence  of  a  large  neoplasm  intracranial 
conditions  are  improved  by  this  dislocation  of  the  intracranial  contents. 
Roentgen-ray  studies  frequently  show  enormous  distortion  of  the 
ventricles  in  the  presence  of  brain  tumor;  and  no  doubt  intraventricular 
pressure  has  some,  if  not  a  great,  effect  on  the  development  of  choked 
disk.  Does  the  opening  in  the  skull  and  the  dura  better  these  ventricular 
conditions? 

If  we  are  not  able  as  yet  to  answer  these  questions,  we  must  at 
least  give  the  facts  due  consideration.  That  decompression  does  in  some 
instances  bring  about  a  favorable  change  in  the  intracranial  relations 
is  evident  from  the  improvement  that  has  been  witnessed  in  many 
instances,  so  far  as  the  intense  headaches  are  concerned ;  and  for  the 
relief  of  this  often  distressing  condition  operative  procedures  are 
to  be  urged. 

There  is  one  other  thought  to  which  I  wish  to  give  expression. 
Those  of  us  who  are  likely  to  be  somewhat  conservative  are  told  that 
we  should  not  have  waited  until  the  appearance  of  choked  disk;  that 
the  patient  had  a  better  chance  if  operated  on  early.  Were  the  results 
of  brain  tumor  removal  more  satisfactory,  I  would  be  heartily  in 
sympathy  with  this  view.  Once  the  choked  disk  has  appeared,  it 
may  be  asserted  that  the  tumor  is  already  of  considerable  size  and 
difficult  of  removal.  It  is  so  often  a  question  of  weighing  the  great 
risk  of  operation  against  the  uncertainties  of  diagnosis. 

To  make  matters  still  more  perplexing,  choked  disk  does  not 
necessarily  indicate  the  presence  of  a  neoplasm,  especially  in  these  days 
of  encephalitic  lesions;  moreover,  choked  disk  does  sometimes  recede 
spontaneously  and  recovery  from  this  condition  may  ensue  without 
surgical  interference.  Only  recently  I  had  a  vivid  experience  of  this 
kind  with  a  boy,  9  years  of  age,  who  presented  many  of  the  symptoms 
of  a  cerebellar  neoplasm,  such  as  weakness  of  the  right  rectus  externus, 
nystagmoid  movements,  slight  right  facial  paralysis,  adiadokokinesis  of 
the  left  side,  diminished  knee  reflexes  and  Achilles'  jerks,  slight  rigidity 
of  the  neck,  diminished  hearing  on  the  left  side  and  a  tendency  to  fall 
to  the  left.  With  these  symptoms  was  associated  bilateral  papilledema 
of  5  diopters.  The  otologist,  as  well  as  the  ophthalmologist  who 
examined  him,  felt  that  all  the  signs  pointed  to  marked  increase  of 
intracranial  pressure.  There  was  no  rise  of  temperature,  the  blood 
and  spinal  fluid  Wassermann  reactions  were  negative,  the  spinal  fluid 
was   under   pressure   and   contained   only   one   lymphocyte.      My   own 
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conclusion,  after  a  careful  examination,  was  that  while  the  symptoms 
pointed  to  cerebellar  involvement,  the  findings  were  so  unusual  that 
it  would  be  well  to  defer  surgical  interference  until  a  satisfactory- 
explanation  could  be  found.  The  boy  was  in  the  hospital  from  Feb.  19. 
1922,  to  March  13,  1922.  On  March  20,  the  eyes  were  examined  by 
one  of  the  capable  ophthalmologists.  Dr.  Schlivek,  who  found  an 
elevation  of  only  3  diopters ;  but  he  added  that  "in  the  macula  of  the 
right  eye  there  is  a  beginning  stellate  figure.  This  indicates  an  old 
condition."  After  three  weeks,  the  same  oculist  reported  that  "the 
eyes  show  evidence  that  the  choked  disk  is  receding;  the  elevation 
in  the  right  is  1  diopter,  in  the  left  2  diopters." 

What  the  final  diagnosis  will  be  in  this  case  I  am  not  yet  willing 
to  state.  The  point  that  I  wish  to  emphasize  is  that  in  some  of  these 
cases  the  choked  disk  may  recede  and  go  on  to  spontaneous  recovery. 

COMMENT 

My  own  view  is  that  the  ordinary  decompression  operation,  whether 
subtemporal  or  suboccipital,  promises  little  for  the  relief  of  choked  disk  ; 
in  twenty-nine  out  of  thirty-eight  of  our  cases  it  was  practically  time 
and  labor  wasted.  Instead  of  performing  this  operation,  every  effort 
should  be  made  to  attack  the  tumor  itself  and  to  remove  the  neoplasm, 
provided  the  patient's  life  can  be  spared. 

I  suspect  that  in  many  instances,  the  decompression  operation  has 
discouraged  the  patient,  has  made  a  further  operation  objectionable, 
and  has  often  lessened  the  ardor  of  the  surgeon  to  get  at  the  growth 
itself.  If  we  are  to  go  on  with  the  decompression  operation,  for  the 
relief  of  symptoms  only,  it  must  be  made  a  harmless  procedure ; 
Harmless  as  to  life  and  harmless  so  far  as  the  later  successful  removal 
of  the  brain  tumor  is  concerned. 

DISCUSSION 

Dr.  Hugh  T.  P.\trick,  Chicago:  I  tliink  that  a  vital  point  has  l)ecn  omitted 
in  Dr.  Sachs'  report;  namely,  the  state  of  vision.  Whether  one  operates  for 
choked  disk  should  depend  to  a  certain  extent  on  the  visual  acuity  of  the 
patient.  In  many  cases  optic  atrophy  has  hegun  and  advanced  consideral)ly 
before  any  material  recession  in  the  choked  disk. 

Dr.  Ernest  Sachs,  St.  Louis:  The  point  that  Dr.  Patrick  made  is  an 
important  one:  that  if  you  operate  when  optic  atrophy  is  developing  decom- 
pression may  not  aid  at  all. 

In  the  cases  that  Dr.  Sachs  has  cited,  it  has  been  a  common  experience  to 
find  that  choked  disk  rarely  is  present  in  pituitary  tumors,  and  in  some  of 
the  other  groups  of  cases,  of  which  he  spoke,  a  similar  thing  has  been  knowJi. 

In  his  lx)ok,  Dr.  Cushing  has  emphasized  the  fact  that  in  acoustic  tumors, 
until  the  cerebrospinal  circulation  is  interfered  with,  often  there  may  not 
be  any  choked  disk.  My  experience  is  absolutely  at  variance  with  the  figures 
that  Dr.  Sachs  has  given.     If  decompression  is  performed  at  the  proper  place 
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and  while  the  vision  is  still  fairly  good,  the  choked  disk  definitely  sul)sides  in 
many  instances,  and  vision  is   improved  and   retained. 

I  do  not  want  to  give  the  impression  that  I  advocate  decompression  if  there 
is  any  possihility  of  removing  the  tumor.  I  perform  fewer  decompressions 
now  than  I  did  several  years  ago,  but  1  cannot  agree  with  Dr.  Sachs'  statement 
that  decompression  does  not  make  a  choked  disk  subside  if  it  is  performed  at 
the  proper  place  and  before  optic  atrophy  is  too  far  advanced. 

Dr.  Harvey  Gushing.  Boston:  I  think  that  Dr.  Sachs  is  justified  in  his 
interpretation  of  his  own  experience.  There  are  many  different  ways  of  doing 
decompression  operations  and  different  things  that  one  may  expect  from  them. 
It  is  purely  a  palliative  measure  and  not  a  "cure  all."  Nor  does  it  always 
accomplish  its  purpose,  but  it  saves  a  great  deal  of  suffering,  and  saves  vision 
in  a  great  many  cases  for  a  short  time;  and  that  is  about  as  much  as  can  l)e 
expected  of  it. 

I  am  sure  all  those  who  have  had  much  neurosurgical  experience  have  seen 
many  cases  in  which  discomfort  has  been  lessened  and  vision  improved.  If 
we  could  accomplish  this  with  a  drug  it  would  seem  miraculous.  Our  methods 
of  tumor  localization  are  improving  greatly.  We  hope  ventricular  radiography 
will  give  us  additional  aid.  Consequently,  we  resort  less  often  than  formerly 
to  simple  palliative  measures.  I  shall  give  an  example  of  relief  obtained  by 
palliation.  A  naval  cadet  was  referred  to  me  last  year  by  Dr.  Wilmer  with 
a  rapidly  advancing  choked  disk  of  about  6  diopters,  which  threatened  loss  of 
vision.  Localizing  symptoms  were  inconspicuous,  but  they  suggested  a  cere- 
bellar lesion.  A  suboccipital  exploration  was  performed,  but  no  lesion  was 
found.  The  patient  made  an  immediate  recovery;  the  choked  disk  subsided 
accompanied  by  normal  vision,  and  all  other  symptoms  disappeared.  Our  con- 
clusion was  that  we  had  made  a  mistake  in  diagnosis,  and  the  case  was 
recorded  as  a  "tumor  suspect,"  probably  chronic  arachnoiditis.  Possibly  a 
ventriculogram  might  have  shown  a  tumor,  but  I  have  grave  doubts  of  this. 
■  The  young  man  returned  to  the  Academy  and  later  was  sent  to  sea  on  active 
duty,  remaining  free  of  symptoms.  However,  several  months  later,  while 
exercising  in  the  gymnasium  in  Annapolis,  he  had  a  return  of  symptoms.  He 
was  sent  to  Baltimore  for  further  operation.  Dr.  Dandy  reexplored  and  found 
a  cerebellar  glioma,  which  he  attempted  to  remove  in  its  entirety,  without 
success.  If  I  had  been  able  to  identify  the  tumor  at  the  first  session  I  might 
have  successfully  removed  it  by  a  lobectomy,  but  I  found  no  evidence  of  a 
growth  and  would  not  have  been  justified  in  exploring  for  it,  and  if  I  had 
done  so,  the  young  man  would  not  have  enjoyed  the  long  period  of  relief 
afforded  by  the  decompression  alone. 

A  subtemporal  decompression  would  not  have  accomplished  this  result,  and 
I  am  not  sure  from  what  Dr.  Sachs  has  said  that  he  appreciates  that  in  the 
presence  of  an  internal  hydrocephalus  a  subtemporal  decompression  is  not  of 
much  value.  But  it  is  true  that  decompressive  measures  are  being  used  less 
often  as  our  ability  to  localize  tumors  improves. 

Dr.  Sachs,  in  closing:  This  method  has  not  advanced  very  far  because 
Dr.  Gushing  has  acknowledged  that  less  decompression  is  being  performed. 
If  the  diagnostic  ability  is  developed  to  a  greater  extent,  less  time  will  be 
spent  on  decompression  operation  for  the  relief  of  choked  disk.  Decompression 
is  never  advised  if  there  is  the  slightest  suspicion  of  atrophy  of  the  optic  nerve. 
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A  butcher,  50  years  old,  complained  of  headache,  dizziness  and 
falling  on  walking.  The  past  history  was  unimportant.  Two  and  a 
half  years  ago  he  began  to  have  headaches  and  pain  in  the  lower  part 
of  the  abdomen.  One  year  ago  he  had  an  attack  of  influenza.  During 
this  period  his  headaches  were  less  severe.  During  the  two  months 
before  admission  he  had  intense  headaches  accompanied  by  vomiting 
without  nausea  and  was  unable  to  walk  without  help.  He  fell  to  either 
side,  but  most  frequently  forward.  During  the  past  two  weeks  he 
had  several  attacks  of  unconsciousness  lasting  from  two  to  ten  minutes, 
unaccompanied  by  convulsions  or  twitchings. 

The  positive  findings  in  the  physical  examination  were :  c|uestionable 
lateral  nystagmus  to  both  sides,  at  times  a  lateral  nystagmus  which 
was  quite  definite  with  a  slow  component  to  the  right,  the  head  held  to 
the  right  in  a  cerebellar  attitude,  hypesthesia  of  both  corneas,  more  on 
the  right,  and  normal  eyegrounds  and  visual  fields.  The  visual  acuity 
was:  left  20/60,  right  20 '48.  The  jnipils  were  equal  and  reacted 
to  light  and  accommodation. 

There  was  some  cerebellar  ataxia,  the  patient  walking  with  a  broad 
base.  When  he  attempted  to  stand  on  either  foot  he  reeled  to  the 
right  and  backward.  There  was  hypotonia  of  the  right  leg.  There 
was  no  adiadokokinesis  in  either  hand ;  finger  to  nose  test  and  all  tests 
to  determine  finer  movements  of  the  fingers  were  normal.  There 
was  a  history  of  regurgitation  through  the  nose  and  difificulty  in  swal- 
lowing. Roentgen-ray  examination  was  negative.  Lumbar  puncture 
showed  13  cells,  -| — \-  Pandi  and  a  negative  Wassermann  test.  The 
only  abnormalities  that  the  Barany  tests  showed  were  that  when  the 
right  ear  was  douched  with  hot  water  the  patient  did  not  past  point 
with  the  left  hand,  when  the  horizontal  canals  were  tested  ;  when  the 
vertical  canals  were  tested  with  the  patient's  head  back  the  patient 
always  past  pointed  to  the  left  with  both  hands.  Dr.  Lyman's  comment 
on  these  tests  was  as  follows:  "The  vestibular  tests  suggest  a  lesion 
in  the  brain  stem  in  the  region  of  the  ])osterior  longitudinal  bundles. 
The  cerebellum  gives  practically  normal  reactions." 

The  symptoms  were  so  clearly  bilateral  that  it  seemed  quite  probable 
that  the  lesion  lay  in  the  median  line.  In  view  of  the  occupation  of 
the  jjatient.  Dr.   Schwab  and   I   both   thought  of  the  possibility  of  a 
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Fig.  1. — Papilloma  of  the  fourth  ventricle  removed  as  shown  in  Figure  2, 
under  local  anaesthesia,  through  a  median  line  incision.  The  tumor  extended  up 
into  the  aqueduct  of  Sylvius.  Complete  recovery  with  disappearance  of  all 
symptoms. 
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Fig.  2— Removal    of    papilloma    of    fourth    ventricle. 
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cysticercus  infection.  The  absence  of  nystagmus  suggested  that  the 
lesion  was  superficial  and  not  near  the  nuclei  of  the  cerebellum.  The 
absence  of  choked  disk  suggested  that  the  lesion  was  growing  slowly. 

In  view  of  the  probable  median  line  location  of  the  process,  the 
usual  cross  bow  cerebellar  exposure  was  not  employed ;  merely  a  median 
line  incision  was  made  with  retraction  of  the  muscles  and  removal  of 
the  occipital  bone  and  the  arches  of  the  atlas  and  axis.  This  was  done 
under  local  anesthesia  and  gave  an  excellent  exposure  of  the  fourth 
ventricle  and  the  vermis.  On  opening  the  dura  a  white  glistening  tumor 
was  seen  filling  the  fourth  ventricle.  This  was  well  encapsulated  and 
was  enucleated  without  much  difficulty  and  without  pain  to  the  patient. 
The  tumor  extended  up  into  the  aqueduct  of  Sylvius,  which  was  greatly 
dilated.  The  only  discomfort  complained  of  during  the  operation  was 
pain  in  the  abdomen.  The  patient  made  an  uneventful  recovery  and 
left  the  hospital  on  the  eighteenth  day  after  operation.  Now,  a  year 
after  the  operation,  he  is  entirely  free  of  symptoms  with  the  exception 
of  slight  ataxia  when  he  walks  rapidly  up  stairs. 

The  three  reasons  for  presenting  the  case  are:  1.  The  constant  pain 
in  the  abdomen,  which  I  believed  might  be  interpreted  as  evidence  that 
there  are  afi^erent  fibers  in  the  vagus  nucletis.  This  abdominal  pain 
was  present  both  before  operation  and  when  the  tumor  was  lifted 
from  the  floor  of  the  fourth  ventricle.  2.  The  tumor  had  completely 
obstructed  the  aqueduct  of  Sylvius  and  therefore  produced  an  obstruc- 
tive hydrocephalus,  and  yet  the  patient  had  normal  eyegrounds.  3. 
This  case  demonstrates  the  possibility  of  removing  tumors  of  consider- 
able size  in  the  region  of  the  fourth  ventricle  through  a  simple  median 
line  incision  without  freeing  the  muscles  from  their  attachment  to  the 
superior  curved  line  of  the  occipital  bone. 

DISCUSSION 

Dr.  Foster  Kennedy,  New  York:  Abdominal  pain  similar  to  that  asso- 
ciated with  this  tumor  is  often  found  in  vasovagal  attacks,  contirmatory 
evidence  of  the  involvement  of  the  vagus   in   seizures   of  that  type. 
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Two  groups  of  cases  each  on  a  separate  reel,  altogether  about 
2,000  feet  of  film,  are  shown.  The  first  group  includes  cases  showing 
deformities  of  motion  and  representing  types  of  cases  with  recognized 
syndromes,  that  is  to  say,  nosologic  entities.  After  pointing  out  the 
Yarieties  of  motility  defect,  I  will  show  the  second  reel  illustrating 
unusual  types  of  postencephalitic  deformities  of  motion.  In  all  of  the 
cases  studied,  there  are  adYcntitious  elements  of  motion  resulting  in 
definite   deformities   of   moYcment. 

A  comparatiYe  study  of  these  two  groups  of  cases  shows  that  the 
elements  of  motor  deformity  in  each  are  analogous  and  in  some 
instances  identical.  Though  the  histopathology  doubtless  differs,  the 
localization  of  lesions  must  be  the  same.  Indeed  it  suggests  a  definite 
relationship  perhaps  cYcn  between  the  underlying  pathologic  etiology. 

In  the  two  series  of  cases  we  see  the  motility  disorders  affecting 
the  static,  the  kinetic,  the  synergistic  mechanisms  and  their  harmonious 
actiYities. 

Reel  1. — The  initial  presentation  in  this  reel  shows  a  group  of  cases 
illustrating  Yarious  types  of  dystonia  musculorum  deformans.  The 
first  three  patients  are  all  members  of  the  same  family,  two  sisters  and 
a  brother.  The  least  afflicted  of  the  three  was  the  brother.  The  motor 
disturbances  began  in  his  thirteenth  year  affecting  at  first  the  finer 
moYcments  of  the  right  hand.  The  right  leg.  including  the  foot,  then 
showed  spasmodic  imcontrollable  iuYoluntary  attitudes  in  attempts 
at  moYement.  The  sudden  flexion  at  the  hip  and  knee  and  inward 
rotation  at  the  hip  produced  the  characteristic  attitudes.  The  peculiar 
OYerflow  of  kinetic  energy  with  the  tendency  to  postural  fixation  is 
represented  in  its  incipiency  in  this  case,  and  the  progress  of  the  disease 
as  the  kinetic  and  static  mechanism  becomes  more  involved  is  demon- 
strated in  the  more  scYerely  afflicted  sisters.  In  these  two  young 
women  the  static  mechanism  has  assumed  such  control  that  we  haYC 
definite  postural  defects.  The  associated  action  of  the  two  systems 
is  defectiYe.  producing  athetoid  moYement  of  the  upper  extremities  in 
the  case  of  the  sister  most  severely  aflfected. 

The  next  case  of  dystonia  shows  extreme  sustained  spasms — kinetic 
OYerflow    and    tendency    to    temporary    postural    fixation.      The    first 
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symptom  of  the  disease  showed  when  the  patient  was  12  years  old 
and  hegan  as  a  stiffening  of  the  right  leg  with  a  resulting  rather 
awkward  gait.  The  picture  shows  a  voluminous  musculature.  There 
are  present  characteristic  though  only  temporary  attitudes  and  poses, 
but  there  is  a  mobile  type  of  spasm  with  kinetic  overflow  without  static 
fixation,  showing  that  the  static  mechanism  giving  rise  to  sustained 
postures  is  least  aft'ected.  The  muscular  group  involvem.ent  is  much 
more  general  than  in  the  previous  patients. 

The  next  case  of  dystonia  is  that  of  a  girl  of  17.  She  presents 
the  so-called  dromedary  attitude  witli  what  has  been  described  as  the 
semilunar  foot.  The  first  symptoms  appeared  in  her  seventh  year  as 
involuntary  movements  limited  to  the  right  foot,  spreading  gradually 
to  the  right  hand  and  arm,  then  becoming  general.  This,  is  a  case  in 
which  the  static  mechanism  was  more  especially  involved  so  that 
segmental  fixation  has  given  rise  to  marked  deformities.  There  also 
appeared  sudden  ticlike  movements  of  muscle  groups  of  the  upper 
extremities  and  those  of  the  neck  and  upper  portion  of  the  trunk. 
These  movements  have  become  bizarre  and  represent  almost  every  type 
of  abnormal  motor  expression.  There  are  the  myoclonia,  the  tic,  the 
choreiform,  mobile  spasm,  etc.,  all  showing  in  one  patient.  Yet  with 
all  there  are  present  the  distinctive  features  of  both  the  kinetic  and 
the  static  types  of  dystonia.  (Drs.  I.  S.  Wechsler  and  S.  Brock  ^ 
introduce  an  entirely  new  conception  of  the  several  types  of  dystonia 
musculorum  deformans.) 

The  dystonia  elements  in  the  next  case  are  confined  to  the  upper 
extremities  and  the  trunk.  There  is  sustained  mobile  spasm  in  the 
sternocleidomastoid  and  the  trapezius  muscles  of  one  side  with  a 
fixation  of  the  trunk  by  marked  lateral  curvature  due  to  the  special 
involvement  of  the  static  mechanism  (Wechsler  and  Brock). 

This  boy  of  12  years  again  presents  the  mobile  spasm  type,  the 
kinetic  overflow  giving  rise  to  constant  arrhythmic  oscillations  of  all 
parts  of  the  body  during  rest,  intensified  when  effort  at  voluntary 
motion  is  made. 

This  middle-aged  man  shows  the  typical  symptoms  of  progressive 
degenerative  chorea.  The  hereditary  element  is  absent,  but  the  mental 
and  physical  signs  began  in  his  forty-fifth  year.  The  features 
of  the  case  are  ticlike  movements,  involving  especially  the  abdominal 
muscles,  and  are  identical  clinically  with  the  myotonic  movements  of 
encephalitis. 

The  two  cases  which  I  would  describe  as  types  of  dystonia  lenticu- 
Lnris,  or  better  perhaps  striatal  syndromes,  show  analogous  deformities 


1.  Wechsler,  I.  S..  and  Brock,  S. :  Dystonia  Musculorum  Deformans  with 
Especial  Reference  to  a  Myostatic  Form  and  the  Occurrence  of  Decerebrate 
Rigidity  Phenomena,  Arch.  Neurol.  &  Psychiat.  8:538  (Nov.')  1922. 
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of  motion.  The  distinctive  characters  of  these  movements  are  dis- 
cussed in  a  paper  by  Dr.  J.  Ramsay  Hunt.  Hunt  has  called  attention 
to  the  cerebellar  elements  involved  in  the  pathologic  process  and  in 
his  present  paper  will  discuss  the  striatal  elements  involved.  These 
two  cases  were  considered  by  him  in  his  discussion  of  a  type  which 
he  originally  described  as  a  progressive  cerebellar  dyssynergia.  The 
clinical  features  of  the  cases  consist  of  deformities  of  motion  sug- 
gesting the  dyssynergia  of  multiple  sclerosis  with  tremor-like  move- 
ments somewhat  analogous  to  paralysis  agitans.  The  one  patient,  a 
woman  of  about  60  years  of  age,  was  under  observation  at  the  Monte- 
fiore  Hospital  for  a  long  period  of  years.  At  her  death  necropsy 
showed  a  fetal  adenoma  of  the  thyroid  gland  with  hypertrophy  of  the 
gland  itself ;  a  large  hobnailed  liver  of  the  Laennec  type  and  bilateral 
cystic  degenerative  changes  in  the  putamen  of  the  lenticular  nucleus ; 
also  degenerative  changes  in  the  vestibular  nuclei  with  softenings  in 
the  bulb  and  cerebellum. 

The  case  of  double  athetosis  shows  the  universal  involvement  of 
the  entire  skeletal  musculature  and  those  of  phonation  are  also  involved. 
The  condition  is  one  of  congenital  origin. 

All  of  those  cases  have  their  striking  analogues  as  deformities 
of  motion  in  those  that  will  be  presented  in  the  next  reel,  and  it  is 
for  that  reason  that  this  first  series  has  been  demonstrated. 

Reel  2. — The  first  of  the  series  shows  a  young  girl  whose  attack 
of  what  appears  to  be  a  typical  chorea  came  on  about  three  weeks 
following  an  acute  encephalitis.  The  movements  involving  the  entire 
body  musculature  are,  however,  a  bit  more  rapid  than  the  usual  chorea, 
and  show  a  tendency  to  symbolic  attitudes  indicative  of  emotion.  There 
is  something  of  a  posing  and  attitudinizing  wdiich  w^e  sometimes  find 
in  cases  of  chorea.  The  two  latter  features,  so  im])ressive  in  certain 
well  recognized  organic  diseases,  suggest  a  close  anatomic  relation  of 
these  svmboUc  movements  to  the  basal  ganglions  of  the  forebrain. 
The  thalamus  and  the  corpus  striatum,  which  are  functionally  associated 
with  sensorimotor  complexes,  serve  as  the  centers  especially  controlling 
automatic  associated  acts  and  attitudes  expressing  the  fundamental 
emotions  (Goodhart  and  Tilney).  If  this  case  were  studied  by  slow 
motion  photography  (bradykinetic  analysis),  these  features  would 
doubtless  be  brought  out. 

The  case  next  presented  on  the  screen  shows  a  variety  of  abnormal 
movements.  Combined  with  athetoid  movements  of  the  upper  and 
lower  extremities  are  ticlike  motor  expressions  of  the  left  sternocleido- 
mastoid with  rhythmical  oscillations  of  the  head  and  the  trunk.  This 
combination  of  deformities  of  motion  presents  a  clinical  picture  unlike 
that  seen  in  any  other  form  of  disease.  The  clinical  picture  followed 
within  a   few  months  after  an  acute  attack  of  the  infection.     As  the 


Dlih'OKMIl  Ills     OF    MOTION  87 

patient  stands  supported  the  movements  suggest  the  striatal  type  seen 
m  the  previous  reel  and  described  as  dystonia  lenticularis. 

The  following  case  possesses  features  of  especial  interest.  The 
motor  syndrome  followed  about  a  year  after  the  patient  had  had  an 
acute  attack  of  encephalitis.  The  first  pictures  show  her  as  a  young 
woman  apparently  in  the  early  twenties.  Her  face  is  full  of  expression, 
and  there  is  no  absence  of  normal  associative  movements.  There  is 
nothing  to  suggest  a  parkinsonian  attitude.  There  is,  however,  a  ticlike 
movement  of  the  left  arm  and  leg  with  turning  of  the  head  to  the  right. 
The  movement  of  the  extremities  is  one  of  adduction  accompanied  by 
a  sigh  or  inspiratory  movement.  It  is  distinctly  of  a  unilateral,  hemi- 
type.  I  think  it  is  safe  to  say  that  this  movement  has  been  seen  in  no 
other  disease.  It  suggests  the  oculo-encephalogyric  form,  and  in  a  way 
portrays  the  agonal,  slightly  convulsive  reaction  not  infrequently 
observed  just  preceding  dissolution.  It  is  likewise  somewhat  analogous 
to  myoclonia;  its  localization  is  baffling.  I,  personally,  feel  that  the 
pathologic  condition  lies  in  the  striatum.  The  left  facial  paresis  is  a 
residuum  of  the  acute  encephalitis.  As  we  observe  this  girl  about  a 
year  later,  the  change  in  her  appearance  is  striking.  The  abnormal 
involuntary  movement  of  the  head,  left  arm  and  thigh  has  disappeared. 
Her  attitude  and  posture  approach  the  parkinsonian  type.  Her  face, 
expression  and  general  appearance  suggest  maturity — she  appears  at 
least  ten  years  older.  Another  interesting  feature  is  the  absence  of  any 
rigidity  though  the  familiar  posture  and  attitude  are  present.  It  is 
evident  that  the  latter  features  giving  characteristic  design  to  the  pose 
of  paralysis  agitans  is  independent  of  muscle  rigidity.  Only  later  is  the 
latter  feature  added — the  design  receives  its  permanent  molding,  so 
to  speak. 

Tlie  middle-aged  man  next  presented  demonstrates  the  champing 
movements  of  postencephalitis.  The  pterygoids  are  bilaterally  involved. 
The  constant  chewing  movements,  here  as  in  other  deformities  of 
motion  in  this  disease,  cease  only  during  sleep.  The  patient  appears  to 
be  ceaselessly  chewing. 

The  next  two  cases  are  shown  because  the  parkinsonian  design  is 
confined  to  the  typical  change  of  expression  of  the  face,  with  tremors  of 
the  facial  muscles  and  tongue.  These  common  postencephalitic  symp- 
toms appeared  shortly  after  the  acute  illness.  Both  patients  are 
middle-aged. 

In  addition  to  the  parkinsonian  syndrome,  the  case  next  presented 
shows  involvement  of  the  thalamus.  Outbursts  of  spontaneous  laughter, 
uncontrolled,  and  without  attending  psychic  effect,  characterize  the 
illness  of  this  patient. 

The  young  girl  with  this  marked  hemiplegia,  with  the  dystonic 
elements  in  posture  and  movement,  with  the  spinal  cord  involvement  as 
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evident  by  the  extensive  decubitus,  with  the  cranial  ner\e  symptoms, 
with  parkinsonian  tremor,  is  another  encephaHtic  patient  again  showing 
this  variety  of  defect  in  the  kinetic  and  static  mechanisms.  The  dis- 
tinctive feature  of  the  case,  however,  is  the  peculiar  ticlike  movements 
of  the  left  lower  extremity.  This  is  induced  by  lightly  touching  the 
extremity  at  any  part.  The  entire  condition  may  be  said  to  be  a 
residuum  of  the  acute  encephalitic  process. 

This  little  girl  of  7  presents  the  paralysis  agitans  facial  expression 
with  the  rhythmical  oscillations  of  the  upper  extremities;  the  lower 
extremities  show  a  tremor;  the  latter,  however,  is  of  entirely  different 
character  and  tempo.  The  lower  extremities  displaying  rigidity,  with 
contracture  as  well,  show  no  pyramidal  tract  symptoms,  although  a 
spurious  ankle  clonus  can  be  elicited.  When  this  child  is  suspended  the 
extremities  assume  a  position  of  that  seen  in  decerebrate  rigidity.  A 
remarkable  feature  of  this  case  is  the  spasmodic  turning  of  the  head 
and  the  eyes  strongly  to  the  left.  This  oculo-encephalogyric  movement 
occasionally  persists  for  several  hours.  The  right  sternocleidomastoid 
in  these  attacks  stands  out  with  remarkable  prominence;  the  mass  of 
muscle  has  the  resistance  and  the  feel  of  metal.  Efforts  to  overcome 
the  resistance  by  turning  the  head  to  the  right  increase  the  already 
terrific  contraction.  The  unusual  posture  of  the  two  arms  is  also  strik- 
ingly shown  associated  with  the  oculo-encephalogyric  movement,  and 
is  a  result  of  sudden  extreme  extension  of  the  left  arm  with  strong 
flexion  of  the  elbow  and  adduction  of  the  right  arm.  A  study  of  the 
remarkable  motor  phenomena  of  this  case  suggests  an  entirely  new 
conception  of  associated  movements. 

That  the  classical  dyssynergic  manifestations  that  characterize 
multiple  sclerosis  may  have  an  encephalitic  pathology  is  demonstrated 
by  this  young  woman.  The  so-called  intention  tremor  with  the  muscles 
of  phonation  also  involved  finds  its  most  extreme  expression  in  the 
wild  excursions  on  any  attempt  at  movement.  The  disorganization  of 
motor  control  followed  closely  on  the  acute  attack  of  encephalitis. 

I  am  indebted  to  Dr.  Israel  Strauss,  from  whose  service  at  Mt.  Sinai 
Hospital  this  case  was  studied  and  the  moving  pictures  taken.  It 
presents  an  acute  case  of  encephalitis  showing  the  characteristic 
myoclonic  abdominal  movements.  Of  far  greater  interest,  however,  and 
very  unusual  are  the  abductor  external  rotation  movements  of  the  lower 
part  of  the  leg  and  foot.  They  are  distinctly  of  ticlike  character  and 
are  such  as  would  be  expected  on  the  application  of  an  electric  current. 

The  next  case  is  that  of  a  young  woman  whom  I  saw  in  private 
practice,  and  the  pictures  were  taken  during  the  attack  of  acute  encepha- 
litis. You  will  observe  a  series  of  myoclonic  movements  of  the  muscles 
of  the  quadriceps  extensor  groups.  The  movements  apjiear  like  massive 
fibrillary  tremors.  To  me  they  suggest  stimulation  of  groups  of  anterior 
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horn  cells,  and  from  the  appearance  of  this  picture  of  motor  activity, 
I  feel  that  we  are  dealing  with  stimulation  or  irritation,  toxic  or  other- 
wise, of  anterior  horn  cells  of  the  cord.  The  same  massive  fibrillation 
is  seen  in  the  hamstrings  and  glutei  when  the  patient  lies  on  the 
abdomen.  It  is  of  clinical  interest  to  note  that  unlike  many  of  the 
myoclonic  movements  these  were  attended  by  intense  pain  preceding 
and  during  the  motor  manifestations. 

This  boy  of  12,  now  in  the  subacute  stage  of  encephalitis,  presents 
the  classic  syndrome  in  every  detail  of  paralysis  agitans.  During  the 
examination  and  cinematographic  production  he  fell  asleep.  Loss  of 
automatic  associated  movement  has  resulted  in  lateral,  retropulsion 
and  propulsion,  posture,  attitude,  gait,  etc.,  rarely  so  complete  in  a 
juvenile  case  of  Parkinson's  disease. 

This  little  girl  of  12  shows  bilateral  involvement  of  the  pectorals 
and  adductors  of  the  thigh  and  of  the  sternocleidomastoid  and  trapezii 
muscles.  These  groups  are  in  bilateral,  symmetrical  myoclonic  move- 
ment. The  motor  phenomena  of  this  case  are  of  a  character  one  may 
call  unique  and  not  seen  in  any  other  disease  of  the  nervous  system. 

The  underlying  pathology  and  more  especially  the  localization  of  the 
motor  manifestations  of  encephalitis  present  problems  and  open  an 
entirely  new  vista  in  the  realm  of  deformities  of  motion. 

DISCUSSION 

Dr.  J.  R.A.MSAY  Hunt,  New  York:  I  should  like  to  say  a  word  about  my 
two  cases  of  striocerebellar  tremor  which  were  shown  and  which  will  be  pre- 
sented more  in  detail  later. 

Some  years  ago,  under  the  heading  of  progressive  cerebellar  tremor,  I 
described  a  group  of  cases,  the  essential  symptom  of  which  was  a  progressive 
cerebellar  tremor.  The  tremor  was  sometimes  extreme,  more  so  than  one 
usually  encounters  in  such  cases.  Since  my  original  presentation,  which  was 
purely  clinical,  I  have  had  the  opportunity  of  making  studies  of  the  pathology 
in  two  cases.  In  one  of  these  there  was  primary  atrophy  of  the  efiferent 
dentate  system  of  the  cerebellum  (the  dentate  nucleus  and  superior  cerebellar 
peduncles).     This  type  represents  a  pure  cerebellar  form  of  tremor. 

In  the  other  case  there  were  symptoms  of  progressive  dyssynergia  (cere- 
bellar tremor)  associated  with  coarse  rhythmical  tremors,  which  were  some- 
times spontaneous  and  occurring  at  rest.  Study  of  the  pathology  of  this  case 
revealed  the  lesions  of  pseudosclerosis,  localized  in  the  corpus  striatum,  the 
cerebellum  and  the  brain  stem.  This  case  also  presented  the  typical  lobular 
cirrhosis  of  the  liver  and  is,  therefore,  allied  to  the  group  of  cases  which  has 
been  described  as  pseudosclerosis,  progressive  lenticular  degeneration  and 
dystonia  lenticularis.  It  constitutes  a  pure  tremor  type  of  hepatocerebral  degen- 
eration. The  tremor  in  this  case  is  peculiar  in  that  it  presents  a  combination 
form  of  the  striatal  and  cerebellar  types  of  tremor,  which  I  would  term  strio- 
cerebellar tremor,  the  explanation  for  which  I  believe  is  to  be  found  in  the 
simultaneous  involvement  of  the  striatal  and  cerebellar  mechanisms. 

The  second  case  which  Dr.  Goodhart  has  shown  is  also  an  example  of  strio- 
cerebellar tremor,  presenting  distinct  evidences  of  this  combined  form  of  tremor. 
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There  is  the  cerebellar  tremor  of  the  intention  type  and  in  addition  spontaneous 
rhythmical  tremor  manifestations  such  as  occur  in  i)aralysis  agitans  and 
Wilson's  disease. 

Dr.  Foster  Kennedy,  Xew  York:  The  teaching  that  has  been  generally 
accepted  regarding  the  etiologj-  of  tic  might  well  be  reconsidered  in  view  of 
the  fact  that  identical  appearing  movements  are  seen  as  the  result  of  specific 
midbrain  lesions.  We  have  been  taught  and  have  accepted  the  idea  that  spas- 
modic tics  are  invariably  of  psychogenetic  origin.  It  would  seem  proper  to 
suggest  that  these  are  more  probably  in  the  nature  of  localized  release  phe- 
nomena than  the  result  of  a  purposive  movement,  the  object  of  which  has 
been  forgotten  or  lost. 

Dr.  Charles  K.  Mills,  Philadelphia:  I  was  struck  by  the  fact  that  in  one 
of  Dr.  Goodhart's  cases  double  lesions  were  present,  one  in  the  putamen  and 
the  other  in  the  cerebellum.  I  believe  when  Dr.  Hunt  first  recorded  the  case  it 
was  in  a  paper  entitled  "Dyssynergia  Cerebellaris  Progressiva."  It  is  a 
question  whether  the  name  which  Dr.  Hunt  used  was  not  a  misnomer.  It  gave 
me  the  impression  that  the  syndrome  of  the  disease  which  he  was  describing 
was  due  to  a  purely  cerebellar  lesion.  To  use  a  striocerebellar  explanation 
miay  help  out  a  little. 

I  have  one  case  particularly  in  my  mind,  which  seemed  to  me  at  the  time  of 
the  reading  of  Dr.  Hunt's  paper  to  be  very  similar  to  his  so-called  dyssynergia 
cerebellaris.  This  patient  was  seen  by  members  of  the  Philadelphia  General 
Hospital's  neurologic  stafiE  on  various  occasions,  and  I  believe  that  the  case 
was  not  one  of  true  cerebellar  tremor.  It  is  almost  impossible  in  such  cases 
to  make  any  real  study  of  such  synergic  phenomena  as  adiadokokinesis  and 
dysmetria. 

It  is  interesting  in  discussing  these  questions  of  movement  to  remember  that 
the  motor  symptoms  presented  are  often  release  phenomena  and  not  due  to  the 
direct  effects  of  lesions  in  the  organs  aflfected. 

The  striatum  for  instance  may  be  markedly  diseased,  but  the  active  disorder 
of  movement  may  be  due  to  the  fact  that  the  cortex  is  no  longer  held  in  check 
by  the  striatum. 

Dr.  Adolf  Meyer,  Baltimore:  It  is  really  surprising,  after  studying  serial 
sections  of  acute  encephalitis,  to  note  how  extremely  difficult  it  is  to  find 
anything  distinctive  and  localizing,  with  the  hope  of  obtaining  a  picture  similar 
to  the  poliomyelitis  symptomatology. 

I  should  like  to  challenge  those  who  speak  so  glibly  of  thalamic  and  stri- 
atic lesions  to  show  evidence  of  more  definitely  circumscribed  disorders. 

One  of  my  standard  serial  cases  is  of  the  dystonia  type,  without  having 
been  able  to  satisfy  myself  with  regard  to  the  localization  of  the  lesion  apart 
from  some  diffuse  atrophy  of  the  cerebellum.  Through  this  and  some  other 
cases  of  disturbance  of  that  kind,  I  have  reached  the  conclusion  that  before 
I  shall  accept  any  definite  localizing  interi)retation  of  these  conditions.  I  shall 
want  to  see  accurate  serial  section  material. 

With  regard  to  Dr.  Kennedy's  suggestion,  it  is  very  important  not  to  assume 
that  ever>ihing  resembling  actions  is  going  to  be  psychogenic.  Even  if  we 
want  to  explain  it  in  psychogenic  formulation,  that  does  not  mean  that  we 
are  actually  to  handle  it  as  if  it  were  purely  and  exclusively  psychogenic 
because  it  can  be  formulated  to  some  extent  that  way.  Before  we  assume  a 
focal  lesion  in  the  midl)rain  accounting  for  localized  tics,  we  must  obtain 
additional  knowledge. 
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Dr.  GonmiART,  in  closing:  My  purpose  in  showing  two  reels  on  the  screen 
presenting  two  groups  of  cases,  was  to  demonstrate  more  clearly  that  the  motor 
phenomena  seen  in  encephalitis  hear  a  striking  resemblance,  indeed  in  some 
cases  are  identical,  in  character  and  form  with  those  observed  in  familial 
disease  entities. 

The  revelations  of  such  studies  force  on  the  conception  that  the  compara- 
tively minute  pathologic  changes  in  structures  that  studies  of  the  brain  in 
these  cases  reveal,  do  not  give  us  the  entire  picture  of  the  underlying  pathology. 
On  the  other  hand,  the  varied  physical  manifestations  that  we  classify  as 
clinical  entities  must  depend  on  structural  changes  of  a  far  more  diversified 
nature  than  the  simple  and  oft-times  minutely  localized  histopathologic  find- 
ings. For  example,  I  may  refer  to  the  case  of  the  young  woman  in  the  series 
demonstrating  postencephalitic  deformities  of  motion;  not  only  did  we  see 
the  typical  parkinsonian  posture  and  attitude  develop  within  less  than  a  year 
in  the  course  of  postencephalitic  symptoms,  but  we  observed  the  changes  sug- 
gesting advanced  age  in  her  general  make-up,  particularly  striking  in  her 
facial  expression.  The  changes  were  indefinable  but  were  most  instructive  in 
their  associative  relationship. 

It  is  hardly  conceivable  that  in  such  cases  the  whole  pathology  lies  within 
the  basal  ganglions.  The  thyroid  and  hepatic  changes  so  often  found  associated 
with  focal  lesions  of  the  central  ganglions  demand  a  more  generalized  study 
of  the  visceral,  the  sympathetic  and  endocrine  systems  in  their  relationship 
to  the  central  nervous  system. 

As  Dr.  Kennedy  says,  a  study  of  the  pictures  demonstrating  the  deformities 
of  motion  calls  for  a  revision  of  our  conception  of  the  localization  of  the 
pathologic  area.  He  refutes  the  idea  that  tics  are  necessarily  cortical  in  origin, 
and  I  think  our  demonstration  sustains  his  contention. 

As  to  nomenclature,  it  may  be  recalled  that  Dr.  Tilney  and  myself,  in  pre- 
senting a  series  of  cases  by  means  of  bradykinetic  analysis,  called  attention 
to  the  need  of  a  revision  in  our  descriptive  terms  for  recording  deformities 
of  motion. 
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Dystonia  musctilorum  deformans  is  not  an  uncommon  disorder. 
It  is  well  known  for  its  kinetic  phenomena,  and  most,  if  not  all,  of 
the  case  reports  consist  of  analysis  of  the  peculiar  movements  which 
characterize  the  clinical  syndrome.  Thus  far  sjwntaneous  abnormal 
involuntary  movements,  torsion  spasms,  disturbances  in  tonus  and 
possibly  a  racial  peculiarity  have  come  to  be  looked  on  as  the  criteria 
for  the  diagnosis  of  the  bizarre  entity.  This  clinical  conception  of 
the  disorder,  originally  formulated  by  Ziehen  and  Oppenheim  and  so 
closely  followed  by  subsequent  observers,  stresses  only  the  hyperkinetic 
phenomena.  But  we  have  found  cases  in  which  these  phenomena  are 
present  only  to  a  slight  extent  or  almost  entirely  absent,  and  yet  we 
believe  that  they  form  part  of  the  disease. 

It  is  the  object  in  this  paper,  besides  recording  six  hitherto  unre- 
ported cases  of  dystonia  musculorum  deformans  with  atypical  and 
unusual  features,  to  call  attention  to  the  existence  of  a  inyostatic 
variant  of  the  disorder.  But  far  from  attempting  to  create  a  new 
clinical  entity,  we  wish  to  correlate  it  with  the  well-known  syndrome. 
This  myostatic  or  postural  variant  is  indeed  a  part  of  the  disorder 
and  alwavs  coexists  with  the  kinetic  disturbance  of  which  it  is  only 
a  complement.  It  is,  in  other  words,  a  fleeting  postural  phase,  observed 
between  the  waves  of  movement,  become  permanent.  The  occurrence 
of  large  and  small  fragments  of  decerebrate  rigidity  in  typical  cases 
of  dystonia,  to  which  we  wish  to  call  especial  attention,  further 
emphasizes  the  postural  or  myostatic  disturbance  in  the  condition.  But, 
whereas  in  most  cases  the  kinetic  disturbance  obscures  or  overshadows 
the  postural  element,  there  are  some  in  which  the  latter  is  plainly 
evident  and  a  few  others  in  which  it  is  dominant  to  such  an  extent  that 
one  begins  to  doubt  whether  the  pictures  are  part  of  the  same  syndrome. 
It  is  our  conviction  that  they  are.  The  following  case  reports  and 
their  discussion  will  illustrate  these  points. 


*  From  the  Neurological  Service  of  the  Montefiore  Hospital.  Now  '^''ork. 
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REPORT     OF     CASES 
Case    1. — A    case    of    dystonia    tnusciilonim    deformans    of    the    kinetic    type 
beginning  in  the  right  hand  and,  up   to   the  present,  involving  the  musculature 
of    both    upper   extremities,    neck    and    head,    unth    a    fragment    of    decerebrate 
rigidity  phenomena. 

History. — B.  Al.,  a  boy,  aged  15  years,  bom  in  the  United  States,  a  Jew  of 
Russian  parentage,  about  three  and  one-half  years  ago  (1918)  noticed  difficulty 
in  using  his  right  hand,  especially  in  writing.  Soon  after  it  was  observed 
that  his  left  upper  extremity  was  held  in  a  peculiar  position,  namely,  flexed  at 
the  shoulder  and  eIl)ow  and  adductcd.     About  eighteen  montlis  after  the  onset, 


Fig.  1. — A  case  of  dystonia  illustrating  segmental  involvement  and  a  fragment 
of  decerebrate  rigidity  limited  to  the  right  upper  extremity. 


the  patient's  head  and  body  began  to  l)cnd  over  to  the  left  side.  During  the 
course  of  his  illness  there  gradually  developed  peculiar  defensive  movements 
of  his  left  upper  extremity,  uncontrollable  movements  of  the  head  and  turn- 
ing movements  of  his  body. 

Physical  Examination. — The  gait  was  normal.  There  was  a  marked  invol- 
untary torsion  spasm  involving  the  musculature  of  the  head,  neck,  chest  and 
left  upper  extremity.  The  head  was  rotated  and  markedly  tilted  to  the  left, 
the  chin  almost    resting  on   the  left   shoulder.     On   extending  the   right  upper 
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extremity,  the  hand  was  turned  with  the  pahn  outward,  that  is,  overpronated, 
and  the  index  finger  was  hyperextended.  This  constitutes  a  fragment  of 
decerebrate  rigidity,  the  so-called  pronator  sign  of  Wilson  (Fig.  1).  There 
was  a  coarse  rhythmic  tremor  of  the  extended  hand.  While  these  movements 
appeared  to  come  on  in  rhythmic  waves,  they  were  practically  continuous  in 
one  part  or  another. 

The  spontaneous  movements  of  the  left  upper  extremity  consisted  of  pro- 
traction of  the  arm  together  with  flexion  of  the  forearm  ;  this  movement  was 
very  similar  to  that  assumed  in  defending  one's  face.  In  the  upper  extremities 
the  dystonic  spasm  was  revealed  in  an  alternating  hypertonia  and  hypotonia. 
It  is  curious  to  note  that  walking  on  all  fours  was  accomplished  much  better 
than  the  motor  disturbances  of  the  upper  extremities  would  seem  to  permit. 
Further  neurologic  examination  was  negative. 

Discussio)!.  —  The  disease  began  in  one  upper  extremity,  which  is  rather 
unusual.  Other  writers,  especially  Hunt/  have  called  attention  to  the  frequency 
with  which  the  disease  begins  in  the  lower  extremitj'.  This  patient  also  shows 
an  exquisite  fragment  of  decerebrate  rigidity  in  the  right  upper  extremity, 
although  the  picture  is  mainly  of  the  myokinetic  variety.  Finally,  the  move- 
ments are  thus  far  limited  to  the  head  and  neck,  upper  extremities  and  upper 
part  of  the  trunk.  It  is  quite  possible,  in  view  of  the  comparatively  short  dura- 
tion of  the  illness,  that  it  will  extf.nd  downward  and  involve  the  rest  of  the 
trunk  and  lower  extremities :  but  for  the  present  the  disease  has  assumed  a 
segmental  character.  Attention  is  called  to  this  distribution  because  a  seg- 
mental delimitation  has  previously  been  pointed  out  in  striatal  diseases,  espe- 
cially in  paralysis  agitans. 

Case  2. — A  case  of  dystonia  musculoruni  deformans  of  the  kinetic  type  zvith 
the  occurrence  of  both  fragmentary  and  almost  complete  decerebrate  rigidity 
phenomena. 

History. — J.  L.,  a  boy,  aged  11  years,  born  in  the  United  States,  a  Jew  of 
Russian  parentage,  whose  parents  were  first  cousins,  and  who  had  three  other 
children  living  and  well,  had  had  the  disease  for  three  years.  It  was  noted  that 
his  left  foot  gradually  began  to  "turn  in"  involuntarily  when  he  walked;  this 
became  progressively  more  marked,  and  one  year  later  his  right  foot  also 
began  to  "turn  in  and  to  drop."  In  July.  1921.  in  the  course  of  two  days,  there 
developed  frequent  spasmodic  contractions  in  the  left  lower  extremity,  which 
made  sitting  difficult.  The  spasms  steadily  increased  in  severity  and  fretjuency. 
In  September,  1921,  the  patient  developed  severe  spasms  in  his  hands.  In 
August,  1921,  walking  became  impossible  on  account  of  the  muscular  spasms 
and  fatigability.  In  December,  1921.  sitting  became  impossi])le,  and  the  patient 
became  bedridden.  For  the  last  two  months  the  patient  has  been  lying  on  his 
left  side  with  the  head  turned  to  the  left.  Frequent  spasms  in  the  left  upper 
extremity  and  the  muscles  of  the  back  have  also  developed.  For  the  last  two 
months  the  right  lower  extremity  has  been  hold  almost  constantly  in  the 
extended  position. 

Physical  Examination. — The  patient  was  unable  to  walk  or  stand.  The  posi- 
tion of  election  was  the  reclining  one,  with  the  body  inclined  to  the  left  and 
the  head  bent  forward  and  to  the  left.  The  left  knee  joint  was  in  flexion, 
the  right  in  extension.     Both   feet  were  in  hyperplantar  flexion,   the  right  more 


1.  Hunt,  J.   Ramsay:    The   Progressive  Torsion   S])asm  of  Childhood,  J.  A. 
M.  A.  67:1430   (Nov.  11.)   1916. 
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so  thati  tlic  left.  Occasionally  the  left  upper  extremity  was  extended  with 
the  pahn  turned  outward.  The  movements  came  on  in  wavehke  fashion  and 
seemed  to  he  induced  by  slight  stimulation,  such  as  stroking  or  pmchmg  the 
skin  He  frequentlv  assumed  an  attitude  of  opisthotonos  with  the  right  lower 
extremitv  markedly  extended  and  the  back  in  extreme  lordosis.     The  abductors 


1  decerebrate  posture  in  a  case  of  dystonia  musculorum. 


Fig.  2.— Ahnost  tota 

of   the   thigh,   flexors   of  the   leg  and  to  a   slight   extent  the   adductors   of   the 
right  thigh,  were  in  almost  constant  tonic  contraction. 

If  the  boy  was  suspended  by  his  upper  extremities,  he  assumed   a   posit   m 
typical  of  decerebrate   rigidity:   the  forearms   were  extended  on   the   arms,  the 
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fingers  somewhat  flexed  at  the  proximal  metacarpophalangeal  joints,  the  fore- 
arm rotated  outwardly  (pronator  sign),  the  lower  extremities  hjperextended 
and  the  back  lordosed,  forming  an  opisthotonic  arc.  However,  the  head  was 
not  retracted  Init  hung  limply  forward  with  the  chin  pointing  to  the  left 
(Fig.  2).  There  were  no  movements  in  the  face  or  head  musculature;  the 
sternomastoids  occasionally  manifested  mild  tonic  contraction.  While  there 
was  no  true  pelvic  distortion,  there  was  a  tendency  to  torsion  toward  the  left. 
The  erector  spinae  groups  w^ere  in  a  state  of  constant  contraction  and  occa- 
sionally the  muscles  of  the  back  of  the  neck  participated  in  the  spasm.  The 
muscles  were  in  hypertonic  contraction,  but  this  could  be  overcome  by  passive 
movement,  even  to  the  point  of  hypotonia.  Both  the  fingers  and  the  hands 
were  definitely  liypotonic.  There  was  no  adiadokokinesis.  no  ataxia  or 
dvsmetria. 


Maternal  g«j^parents 


(Patlentts 
Mother.) 


Paternal  grandparents 
unaffected. 


(PaticTit's 
Father. ) 
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Fig.  3. — Familial  incidence  of  dystonia  musculorum  deformans  in  Case  3. 
The  black  symbols  indicate  those  afifccted  with  the  disease.  *  indicates  the 
patient. 


The  deep  reflexes  were  difficult  to  elicit.  The  abdominal  and  cremasteric 
reflexes  were  present.  There  were  no  sensory  changes.  The  cranial  nerves 
were  normal,  except  for  the  existence  of  a  true  nystagmus  on  extreme  gaze  to 
the  left. 

Discussion. — The  history  of  the  deve]o])nu'nt,  tlic  age  of  onset,  the  race  of 
the  patient  and  the  abnormal  involuntary  movements  stamp  the  case  as  a 
typical  dystonia  musculorum  deformans,  in  spite  of  the  fact  that  there  is  as 
yet  no  torsion  of  the  pelvis.  The  unusual  features  are  the  postural  decere- 
brate rigidity  phases.  Even  as  he  lies  on  his  back  there  are  rhythmic  waves 
of  movement.  (We  have  observed  this  rhythm  in  some  of  the  other  cases,  and 
it  is  described  in  most  of  those  reported  in  the  literature.)  The  spasms 
throw  the  right  lower  extremity  in  extension  and  both  uppers  in  extension, 
pronation  and  outward  rotation.  These  movements  represent  momentary 
phases  of  decerebrate  rigidity  phenomena.  When  the  boy  is  suspended,  all 
four  extremities  and  the  body  assume  the  typical  attitude  which  occurs  on 
experimental  section  of  the  midbrain,  with  the  exception  of  the  jjosition  of  the 
head.  The  occurrence  of  this  phenomenon  points  to  the  anatomic  delimitation 
of  the  lesion  in  dystonia,  even  if   it  does  not  strictly  localize   it. 
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Case  3. — An  unusual  case  of  dystonia  musculorum  deformans  icitli  (1 )  a 
remarkable  familial  incidence,  (2)  speech  disturbance,  (3)  a  remission  of  the 
hyperkinetic  phenomena  zvith  a  resultant  (4)  myostatic  residuum,  (5)  a  hemi- 
dystonic  distribution,  and  (6)  a  fragment  of  decerebrate  rigidity. 

History. — L.  P.,  a  woman,  21  years  of  age,  born  in  the  United  States,  was 
a  Jewess  of  Russian  parentage.  A  remarkable  familial  tendency  to  the  disease 
was  noted  (Fig.  3).  The  illness  began  at  the  age  of  12.  Her  gait  became 
"dragging"  and  difficult.  Later  her  upper  extremities  became  involved.  There 
was  no  history  of  precedent  acute  infection.  The  physical  examination  recorded 
by  Dr.  I.  Abrahamson  on  April  5,  1920,  revealed  a  bedridden  patient  with  a 
typical  dystonia  with  severe  involvement  of  the  body,  head  and  neck  and  all 
extremities.  The  speech  was  dysarthric,  bulbar  in  nature.  In  January,  1921, 
improvement  was  noted.  The  patient  was  quieter  and  able  to  take  a  few  steps 
without  support.  In  August,  1921,  it  was  noted  that  the  left  hand  still  showed 
the  rhythmic  clonic  movements,  but  there  was  a  tendency  to  extension  and 
pronation  (fragment  of  decerel)rate  rigidity).  The  patient  was  able  to  walk 
fairly  well.  General  dystonic  movements  were  still  in  evidence.  In  February, 
1922,  there  was  marked  remission  of  all  movements  with  considerable  general 
improvement  (Fig.  4).  She  showed  some  dystonic  movements  in  the  left  upper 
extremity  with  the  rhythmic  flexor-extensor  movement  of  the  hand  at  the  wrist. 
The  left  foot  was  in  equinovarus  contracture  and  also  exhibited  movements, 
resulting  in  a  left  hemidystonia.  The  trunk  and  right  side  disclosed  no  move- 
ments but  assumed  the  postural  condition  momentarily  observed  in  the  dys- 
tonias during  the  brief  interval  between  the  waves  of  movement;  that  is  to 
say,  that  which  is  the  fleeting  static  element  in  the  kinetic  disturl)ance  has 
become  a  permanent  postural  attitude  in  this  patient's  remission. 

Discussion.— In  this  patient,  the  onset  of  whose  dystonia  dates  back  to 
childhood,  the  condition  began  in  the  lower  extremities  and  became  progres- 
sively worse,  until  she  exhibited  a  violent  form  of  the  typical  kinetic  dis- 
turbance. Added  to  that  she  showed  a  rare  involvement  of  speech  (bulbar 
dysarthria).  So  far  as  we  are  aware,  only  two  other  cases  referred  to  in 
the  literature  reveal  this  disturbance  (those  of  St.  Bernstein'  and  Wimmer'). 
After  two  years,  during  which  she  became  bedridden,  a  gradual  remission  set 
in.  It  may  be  of  interest  to  mention  that  in  August,  1920,  she  had  a  strepto- 
coccus sore  throat,  and  in  April,  1921,  an  acute  follicular  tonsillitis.  One  may 
speculate  on  the  possible  bearing  of  these  infections  on  the  remission.  The 
quite  remarkable  familial  history  is  also  worthy  of  emphasis,  in  view  of  the 
familial  tendency  of  some  of  the  other  striatal  syndromes,  especially  since 
recent  criticism  tends  toward  the  grouping  of  numerous  clinical  entities  of  a 
supposedly  common  basal  ganglion  origin.  Further,  although  only  few  dystonic 
elements  are  left,  they  are  practically  limited  to  one  side— hemidystonia.  But 
the  striking  feature  of  this  residual  state  is  the  static  or  postural  attitude,  an 
attitude  to  which  we  also  wish  to  direct  attention  in  some  of  the  succeeding 
cases  and  which  we  designate  the  myostatic  variant,  or  counterpart,  of  the 
myokinetic  syndrome. 


2.  St.  Bernstein:  Kin  Fall  von  Torsions  Krampf,  Wien.  klin.  Wchnschr.  25: 
1567,  1912. 

3.  Wimmer,  A.:  Etudes  sur  le  syndrome  extra-pyramidaux.  Spasme  de 
torsion  progressif  infantile  (syndrome  de  corps  strie),  Rev.  neurol.  28:952 
(Sept.-Oct.)   1921. 
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Case  4.— .-i  case  of  dystonia  musculorum  deformans,  illuslrating  the  myo- 
static  or  fostural  form,   Zi'ifh   fczc  hyperkinetic   phenomena. 

History.— P.  T.,  a  man,  aged  20  years,  born  in  Russia,  a  Tew  of  Russian 
parentage,  whose   illness   began   in   1913,   at   the   age   of    11,   one   year  prior   to 


Fig.  4._Formerly  a  kinetic  type  of  dystonia,  now  a  myostatic  variant  exhibit- 
ing a  hemidecerebrate  posture. 

the  onset  fell  from  a  height  of  about  12  feet,  alighted  on  liis  feet  but  sustained 
no  injury.  One  year  later  there  developed  a  "drop  foot"  on  the  right  side, 
associated  with  a  turning  outward  of  the  lower  extremity  on   walking.     Three 
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years  later  his  haiul  began  to  turn  outward,  and  he  found  dithcuUy  in  using  it. 
About  three  years  thereafter  the  left  lower  extremity  became  at¥ectcd.  The 
condition  has  remained  stationary  to  the  present  day. 

Physical  Hxainination.^Tbe  patient  walked  with  a  peculiar  gait,  in  which 
there  was  considerable  twisting  of  the  pelvis;  the  vertebral  column  was  thrown 
forward,  producing  a  marked  lordosis;  the  lower  extremities  were  rotated 
outward  (everted)  and  in  progression  the  trunk  was  bent  forward  and  the 
lower  extremities  were  flung  about  aw^kwardly  in  movements  of  hyperextension 
and  hyperflexion  (Fig.  5).  A  tendency  to  hyperadduction  produced  a  scissor- 
gait  effect.  The  abnormal  movements  and  position  of  the  spine  and  pelvis 
largely  disappeared  when  the  ])atient  crept  "on  all  fours."  Despite  the  dystonic 
gait  and  the  tortipelvis,  the  patient  was  remarkably  free  from  tonic  spasms 
when  at  rest.  Except  for  an  occasional  tremor  of  the  right  upper  extremity 
and  clonic  plantar  flexion  movements  of  both  feet,  there  was  a  paucity  of 
abnormal  involuntary  movements.  There  was  no  play  of  hypertonia  and  hypo- 
tonia in  the  affected  muscles.  A  slight  degree  of  hyi)otonia  was  present  at 
the  wrists. 

The  patient  complained  a  good  deal  of  various  symptoms,  was  introspective, 
egocentric  and  was  likely  to  use  high  sounding  phrases.  His  attitude  at  times 
strongly  suggested  the   functional. 

Discussion. —The  lack  of  progression,  the  atypical  bizarre  gait  and  attitude, 
the  want  of  dystonic  movements  at  rest,  together  with  the  patient's  psychic 
make-up,  speak  in  favor  of  a  hysterical  condition.  But  further  study  of  the 
case  convinces  one  of  its  organic  nature  and  its  relationship  to  dystonia  mus- 
culorum deformans.  For  this  patient  shows  the  very  postural  or  myostatic 
phase  which  may  be  momentarily  observed  in  all  the  typical  forms  of  the 
kinetic  syndrome.  But,  whereas  the  postural  static  component  is  masked  by 
the  hyperkinetic  phenomena  in  the  general  run  of  cases,  in  the  present  instance 
it  has  become  the  dominant  feature.  Corro])orative  evidence  of  the  relation- 
ship of  this  syndrome  to  dystonia  musculorum  deformans  may  be  found  in 
the  history  of  its  development,  the  age  and  race  of  the  patient,  the  torsion- 
posture  of  the  pelvis,  the  lordosis,  the  clonic  movements  in  the  feet  and  the 
general  attitude.  The  fact  that  the  static  phase  is  partially  present  in  an 
undoubted  case  of  dystonia  musculorum  deformans  gives  weight  to  the  view 
that  where  the  entire  clinical  syndrome  is  dominated  by  the  postural  com- 
ponent we  are  merely  confronted  with  the  complementary  side  of  the  same 
picture. 

Case  5.*— A  postural  or  static  instance  of  dystonia  innscnlontm  dcjorinans 
(dysbasia  lordotica  progressiva)   i<'ith  slight  kinetic  involvement. 

History.— U.  R.,  a  man.  aged  32.  a  driver,  born  in  Russia,  a  Jew  of  Russian 
parentage!  four  months  after  a  fall  began  to  feel  "stiffness  and  pulling  sensa- 
tion" in  the  hamstring  muscles  of  the  left  thigh,  followed  by  a  "drawing  sensa- 
tion" in  the  left  arm  and  forearm,  with  a  tendency  to  flexion  at  the  elbow 
and  fingers.  At  the  same  time  the  left  side  of  his  face  became  involved  in  a 
similar  muscular  spasm.  In  1912.  a  laminectomy  (seventh  cervical  nerve  to  f^fth 
dorsal  vertebra)  was  performed,  apparently  in  the  belief  that  some  cord 
involvement  was  the  cause  of  his  motor  disturbance.  Prior  to  the  laminectomy 
alcohol  was  injected  into  the  left  elbow  region  and  left  popliteal  space,  appar- 
ently with  the  unfulfilled  hope  of  controlling  the  abnormal   involuntary  move- 


*  Opportunity  to  study  this  case  was  afforded  through  the  courtesy  of  Dr. 
M.  Grossman. 
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ments.  Both  of  these  operative  attempts  have  left  l)ehind  physical  signs  which 
are  independent  of  the  actual  condition,  yet  serve  to  mask  it. 

As  this  case  presents  almost  in  its  entirety  the  myostatic  variant  of  dys- 
basia  lordotica  progressiva  and  may  arouse  doubt  as  to  its  proper  classifi- 
cation in  the  group  of  dystonias,  it  may  be  mentioned  that  Drs.  I.  Abrahamson 
and  J.  Ramsay  Hunt  independently  diagnosed  the  case  (1919)  as  one  of  dystonia. 

Physical  Examination. — The  patient  was  examined  in  February,  1922.  There 
was  frequent  play  of  the  muscles  of  the  face,  particularly  of  the  upper  lip, 
resembling  a  slow  grimace.  There  was  a  slight  tilt  of  the  head  and  overaction 
of  the  platysma   myoidcs.     The   right  sternocleidomastoid   was   somewhat  more 


Fig.   5. — -The   lordotic   attitude    in   a   myostatic    fonn   of   dystonia. 


prominent  than  the  left.  There  were  few  or  no  l)()(lily  mnveinents  witli  the 
exception  of  some  in  the  toes,  which  appeared  to  be  a  cross  between  a  dystonia 
and  athetosis.  On  attempting  to  walk  the  movements  of  the  toes  g'ained  in 
amplitude.  On  the  right  there  was  dorsal  extension  of  the  big  toe  and  fanning 
of  the  others  when  the  patient  lifted  his  foot  from  the  floor;  this  movement  was 
of  a  dystonia  type.  There  was  a  slow  turning  of  both  feet,  especially  of  the 
right,  into  an  equinovarus  position.  The  lower  extremities  were  held  mainly  in 
an  extended  position :  the  feet  especially  in  plantar  flexion.  The  right  big 
toe  was  frequently  held  in  spontaneous  dorsal  hypercxtension.  On  suspending 
the  patient  by  the  arms  both  lower  extremities  were  hypercxtcnded  at  all  joints. 
The  gait  simulated  a  spastic  walk  with  bilateral  dropped  foot.  It  was  slow, 
wide,  swinging  and  shuflling  with  a  broad  base,  and  appeared  somewhat  inco- 
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ordinate  (Fig.  6).  Vet  there  were  no  equilibratory  and  no  deep  sensory  dis- 
turbances. The  left  abdominal  reflexes  were  diminished,  the  lower  deep 
reflexes  increased.  There  was  no  true  Babinski  sign,  but  there  were  a  left 
Mendel-Bcchterew  and  a  Rossolimo  sign.  There  was  neither  hypertonia  nor 
hypotonia  in  the  right  upper  and  lower  extremities.  A  slight  hypotonia  was 
noted  in  the  left  lower  extremity.  There  was  flexor  contracture  of  the  fingers 
of  the   left    hand    into  the   palm.     The    left   intcn.ssci    were   atrophied.     Marked 


Fig.  6.— A  typical  instance  of  the  myostatic  variant  of  dystonia  musculorum. 
Note  the  spontaneous  Babinski  sign  and  the  grimacing  facial  expression  some- 
what like  that  seen  in  progressive  lenticular  degeneration   (Wilson's  disease). 

hypertonia  was  found  in  tlie  left  upper  extremity,  which  was  held  flexed  at  an 
angle  of  90  degrees  at  the  ell)ow.  The  speech  sounded  as  though  the  words 
were    uttered   through    articulated    teeth    and    partly   closed    lips.      The    labials 
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were  especially  interfered  with  because  of  the  overaction  of  the  lower  facial 
muscles  and  platj-sma.  The  face  appeared  spastic,  as  if  a  smile  were  frozen 
on  it. 

Discussion. — There  are  a  few  physical  findings  in  this  case  which  complicate 
the  picture,  but  it  appears  that  they  have  been  brought  about  by  surgical  inter- 
ference and  therefore  do  not  form  part  of  the  syndrome.  The  contracture  of 
the  left  hand,  the  atrophied  interossei  and  the  fixed  hypertonic  attitude  of  the 
left  upper  extremity  are  due  to  the  therapeutic  attempts  which  were  made  to 
control  the  abnormal  movements.  But  the  general  posture  and  the  few  abnormal 
involuntary  movements  leave  no  doubt  that  the  patient  represents  the  myostatic 
variant  of  the  hyperkinetic  syndrome.  His  gait  especially  resembles  to  a 
marked  degree  that  of  the  patients  in  Cases  3  and  4,  and  indeed  that  of  every 
case  of  dystonia  if  one  could  subtract  the  abnormal  movements.  Additional 
corroborative  evidence  that  the  case  belongs  to  the  myostatic  form  may  be 
found  in  the  fact  that  the  lower  extremities  assumed  the  hyperextended 
decerebrate  postural  attitude  when  the  patient  was  suspended  in  the  air  with 
support  under  the  axillae. 

The  speech  disturbance  was  not  of  a  dystonic  character,  but  resembled  more 
that  encountered  in  progressive  lenticular  degeneration  (Wilson's  disease). 
This  may  be  of  some  significance  in  linking  together  the  two  syndromes.  The 
spontaneous  dorsal  extension  of  the  big  toe,  while  not  a  true  Babinski  sign,  is 
worth  remarking,  and  will  be  further  alluded  to  in  the  next  case. 

Case  6.* — A  case  of  dystonia  musculormn  deformans  of  the  kinetic  type 
revealing  (1)  fragments  of  decerebrate  rigidity,  (2)  a  paralysis  agitans-likc 
tremor  of  right  thumb  and  hand,  (S)  a  dorsal  extension  (Babinski)  of  the  left 
big  toe. 

History. — E.  H.,  a  young  woman,  aged  19,  born  in  the  United  States,  a 
Jewess  of  Russian  parentage,  had  had  a  tenotomy  of  the  left  Achilles  tendon  in 
1918.  The  illness  set  in  gradually  at  the  age  of  8,  first  in  the  right  foot  and 
then  in  the  right  hand  and  upper  extremity  ;  later  in  the  right  foot ;  and  finally 
the  left  upper  extremity  l)ecame  affected. 

Physical  Examination. — The  gait  appeared  somewhat  spastic.  She  walked 
on  the  toes  of  the  right  foot  and  on  the  outer  margin  of  the  left  sole.  Both 
feet  were  inverted,  the  left  more  than  the  right.  The  right  lower  extremity 
tended  to  cross  in  front  of  the  left.  While  sitting  there  were  observed  invol- 
untary inversion  of  the  left  foot  and  occasional  extension  of  both  legs  on  the 
thighs.  Xow  and  then  a  spontaneous  dorsal  extension  of  the  left  big  toe 
occurred.  On  extending  the  arms  forward  and  al)Ove  the  head,  the  right  under- 
went alternating  supination  and  jjronation  with  a  tendency  to  eversion  of  the 
palm. 

There  were  involuntary  flexion  and  extension  movements  at  tlie  right  elbow. 
At  times  there  were  small  oscillations  of  the  right  thumb  and  hand  in  a 
manner  closely  simulating  the  tremor  of  paralysis  agitans.  The  movements  in 
the  left  upper  extremity  were  much  less  marked.  At  times  there  was  over- 
extension of  the  left  wrist  and  involuntary  flexion  of  the  fingers,  together  with 
flexion  and  extension  at  the  left  elbow.  There  were  no  involuntary  movements 
of  the  head  and  neck  and  no  torsion  of  the  back  or  pelvis. 

The  reflexes  of  the  upper  extremities  could  not  be  elicited  owing  to  the 
presence  of  the  constant  involuntary  movements.  The  knee  and  Achilles'  tendon 
reflexes  were  present  and  equally  active.  The  abdominal  reflexes  were  present 
and  equal.   On  plantar  stimulation  there  was  marked  dorsal  extension  of  the  left 

*  For  permission  to  publish  this  case  we  are  indebted  to  Dr.  Robert  E.  Pou 
of  the  Neurological  Institute,  New  ^'ork. 
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big  toe  and  fanning  of  the  others.  This  seemed  to  be  an  actual  reflex  response, 
although  a  spontaneous  dystonic  Babinski  movement  also  occurred.  The 
cranial  nerves  were  normal  except  for  a  slight  bilateral  horizontal  nsytagmus. 
Discussion. — The  following  facts  are  worthy  of  note :  First,  the  restriction 
of  the  kinetic  disorder  to  the  extremities,  giving  an  appendicular  distribution. 
This  emphasizes  once  more  the  possibility  of  the  segmental  involvement 
in  the  disorder,  a  point  alluded  to  in  connection  with  Case  1.  Second,  the 
presence  of  fragments  of  decerebrate  rigidity  in  the  right  upper  extremity  and 
in  the  feet  discloses  the  static  component.  Third,  tlie  paralysis-agitans-like 
tremor  of  the  right  thumb  and  hand  is  of  particular  significance,  as  it  indicates 
a  probable  involvement  of  the  efiferent  pallidal  mechanism  of  the  corpus 
striatum.  The  presence  of  this  tremor  may  furnish  another  clue  to  the  localiza- 
tion of  the  lesion.  Fourth,  attention  should  be  directed  to  the  presence  of  the 
Babinski  toe  phenomenon,  wliich  is  even  more  marked  in  tliis  man  than  in 
the  preceding  case. 

SUMM.\KV     .\ND     DISCUSSION 

'i'lie  .six  cases  summarized  in  this  paper  show  a  nunihc-r  of  features 
which  hitherto  have  not  been  associated  with  dystonia  musculorum 
deformans.  It  is  quite  dif^cult  to  explain  the  nystagmus  in  three  of 
the  cases,  unless  it  is  assumed  that  the  ocular  movements  are  part  of 
the  dystonia.  Although  this  is  somewhat  far-fetched,  it  may  be  pointed 
out  that  irregular  movements  of  the  eyeballs  have  been  observed  in 
violent  choreas.  So,  too,  it  is  difficult  to  interpret  the  presence  of  the 
Babinski  sign  in  Case  6  without  other  signs  of  involvement  of  the 
pyramidal  tract.  Further,  the  fanning  of  the  lesser  toes  and  the 
dorsal  extension  of  the  big  toe  is  occasionally  observed  in  the  same 
patient  during  the  spontaneous  movements.  Case  5  also  exhibits  this 
spontaneous  dorsal  extension  and  fanning.  One  is  tempted  to  speculate 
on  the  significance  of  the  Babinski  phenomenon  and  to  question  whether 
't  is  really  primarily  a  pyramidal  tract  phenomenon  or  an  unexplained 
striatal  release  mechanism. 

The  speech  disturbances  in  two  of  the  cases  are  also  unusual.  Two 
other  cases  reported  in  the  literature  showed  similar  disturbances. 
Wimmer's  recent  report  mentions  difficulty  in  speaking,  but  the  state- 
ment is  made  that  this  was  not  a  dysarthria.  The  speech  was  explosive ; 
there  was  poverty  of  words  and  sometimes  echolalia.  There  is  no 
reason  why  the  speech  muscles  should  not  be  involved  in  dystonia 
in  view  of  their  undoubted  striatal  and  cerebellar  innervation.  In 
this  connection  one  may  again  instance  chorea  in  which  dysarthria  is 
not  uncommon.  If  an  attempt  is  made  to  correlate  dystonia  with 
lenticular  degeneration,  it  is  not  surprising  that  there  is  speech  distur- 
bance, although  this  is  of  quite  a  different  type  in  the  latter  disease. 
The  speech  disturbance  in  Case  5  was  somewhat  reminiscent  of  Wilson's 
syndrome. 

In  many  of  the  cases  which  we  have  described,  and  in  numerous 
others    reported,   there   is    something   wavelike    or    rhythmical    to   the 
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movements.  Rhythm  in  general  is  such  a  universal  phenomenon  and 
in  animal  movement  so  primitive  that  special  emphasis  should  be  given 
to  its  presence  in  dystonia.  Very  likely  it  represents  a  reversion  to 
a  lower  segmental  characteristic  of  movement.  In  this  connection 
it  may  be  once  more  pointed  out  that  two  of  the  cases  showed  an 
actual  tendency  to  segmental  distribution  of  the  affection. 

The  racial  element,  which,  though  very  common,  is  not  universal, 
was  found  in  all  of  our  patients.  So,  too,  there  was  an  apparent  yet 
noteworthy  functional  tinge  to  some  of  the  cases.  It  is  well  known 
that  many  of  the  patients  in  the  early  stages  of  the  disease  are 
considered  hysterical.  Case  1  bore  the  burden  of  that  diagnosis  for 
one  year  and  Case  4  is  still  reminiscent  of  it,  and  yet  there  is  no  doubt 
as  to  the  organic  nature  of  the  condition.  Wilson's  illuminating  remarks 
on  decerebrate  fragments  in  hysteria  may  serve  as  possible  explanations 
in  this  connection. 

We  called  attention  to  the  occurrence  of  decerebrate  rigidity 
phenomena  in  the  cases  herein  recorded.  \\^ilson  *  made  passing  mention 
of  them  in  dystonia,  but  he  did  not  follow  up  his  observations.  His 
allusion,  however,  suggests  a  static  component  in  the  hyperkinetic  dis- 
order. The  importance  of  the  demonstration  of  this  combination,  as 
well  as  the  dissociation,  lies  in  the  fact  that  it  furnishes  clinical  evidence 
for  the  accepted  notion  of  the  physiologic  unity  of  posture  and  move- 
ment. Conversely,  there  is  sufficient  physiologic  evidence  to  support 
the  view  that  there  does  exist  a  closely  interwoven  static  counterpart 
of  the  kinetic  form  of  the  disease.  The  conception  of  movement  as 
recently  elaborated  by  numerous  observers  ^  permits  the  inclusion  in 
one  entity  and  proves  the  basic  relationship  of  two  apparently  dissimilar 
clinical  pictures,  namely,  the  myostatic  and  the  myokinetic  variants 
of  dystonia. 

This  enlarged  conception  is  not  altogether  novel,  at  least  from  the 
point  of  view  of  correlating  several  clinical  entities  which  are  probably 
based  on  one  anatomic  substratum.  Striimpell  originally  postulated 
an  amyostatic  syndrome  in  which  he  included  Westphall's  pseudo- 
sclerosis, Wilson's  lenticular  degeneration  and  paralysis  agitans.  At 
the  same  time  that  a  special  attempt  was  made  to  define  the  clinical 
syndromes  of  dystonia  lenticularis  (Thomalla)  and  double  athetosis, 
attention  was  called  to  their  common  underlying  physiologic  mechanism 
and  anatomico-pathologic  substratum.  The  conviction  has  gradually 
arisen  that  the  numerous  clinical  entities  are  not  quite  so  capable  of 
sharp    delimitation    as    was   originally   thought.      Attention    was    even 


4.  Wilson,  S.  A.  K. :    On  Decerebrate  Ripidity  in  Man  and  the  Occurrence 
of  Tonic  Fits.  Brain  43:220,  1920. 

5.  Goodhart  and  Tilney:    Brady  Kinetic  Analysis  of  Somatic  Motor  Dis- 
turbances, Neurol  Bull.  3:295    (Sept.-Oct.)    1921. 
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drawn  to  the  fact  tliat  disease  of  tlie  liver  may  occur  not  alone  with 
lenticular  degeneration  but  with  dystonia  musculorum  deformans  as 
well,  thus  showing  that  they  are  related  in  another  way.  Further, 
it  was  shown  that  far  from  being  limited  to  the  corpus  striatum, 
the  lesion  in  dystonia  may  be  very  diffuse.  A  recent  review  of  the 
clinical  syndromes  of  the  corpus  striatum  by  Lhermitte "  lent  but 
little  clarity  to  the  situation  and  only  served  to  show  that  the  same 
kinetic  disturljance  may  be  due  to  diff'erent  lesions  and  that  the  same 
lesions  may  give  rise  to  different  kinetic  disturbances.  In  other  words, 
in  the  present  state  of  our  knowledge,  it  is  futile  to  attempt  too  sharp 
a  definition  of  tlie  clinical  or  pathologic  syndromes. 

As  few  cases  of  dystonia  have  come  to  necropsy,  Wimmer's  fairly 
typical  case  may  be  cited  in  connection  with  the  rather  universal 
tendency  to  consider  the  disease  one  of  basal  ganglion,  more  especially 
lenticular,  origin.  On  micmscopic  study  Wimmer  found  cellular 
degeneration  and  neurogliar  changes  in  the  caudate  and  lenticular 
(putamen)  nuclei,  in  the  dentate  nucleus  of  the  cerel)elluni,  in  the 
thalamus,  pons  and  cerebral  cortex.  The  changes  simulated  those 
seen  in  pseudosclerosis  and  those  found  in  the  striatum  were  not 
more  marked  than  elsewhere.  Wimmer  further  quotes  Spielmeyer 
to  the  effect  that  one  might  regard  Wilson's  lenticular  degeneration, 
pseudosclerosis  and  torsion  spasm  as  "variations  in  clinical  expression 
of  a  pathologic  process  which  is  essentially  the  same." 

Hall "  has  also  pointed  out  that  the  pathologic  process  is  not  limited 
to  the  lenticular  nucleus,  but  involves  the  pons  and  cerebral  cortex 
as  well.  He  further  states  that  degeneration  of  the  liver  may  be  found 
alike  in  progressive  lenticular  degeneration,  pseudosclerosis  and  dystonia 
musculorum  deformans.  Schneider  ^  adds  that  hepatic  cirrhosis  may 
be  found  in  dystonia  lenticularis  as  well  as  in  the  syndromes  just 
mentioned.    In  Wimmer's  case,  too,  the  liver  was  cirrhotic. 

It  may  be  of  interest  to  point  out  that  the  syndrome  under  discussion 
is  termed  either  dysbasia  lordotica  progressiva  or  dystonia  musculorum 
deformans.  There  is  no  question  that  they  are  one  and  the  same 
clinical  entity.  y\nd  yet  one  name  stresses  the  peculiar  postural  attitude 
in  the  gait  and  the  other  emphasizes  the  abnormal  movements.  The 
important  fact  is  that  these  two  phases  have  been  noted,  although  they 
have  not  been  correlated. 

6.  Lhermitte,  J.:  The  Anatomical  and  Clinical  Syndromes  of  the  Corpus 
Striatum,  Neurol.  Bull.  3:163  (May)  1921.  Translated  from  the  Annales  de 
Medicine  of  August,  1920,  by  Huddleston  and  Kraus. 

7.  Hall,  H.  C.  (of  Copenhagen)  :  La  Degenerescence  Hepato-lenticulaire, 
Paris,  1921. 

8.  Schneider,  Erich :  Torsionspasmus :  ein  Symptomkomplex  der  mit 
Leherzirrhose  verbundenen  progressiver  Lenticulardegeneration,  abstr.,  Neurol. 
Zentralhlatt  39:    (April)   1920. 
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The  occurrence  of  a  parkinsonian  tremor  in  a  true  case  of  dystonia 
(Case  6)  may  serve  as  a  further  link  in  the  chain  of  striatal  syndromes. 
Paralysis  agitans  may  be  used  by  way  of  analogy  to  show  that  it  is 
quite  possible  for  either  a  kinetic  or  static  phase  to  dominate  a  clinical 
picture,  just  as  there  are  cases  of  paralysis  agitans  which  are  char- 
acterized by  tremor  and  others  by  the  loss  of  associated  movements 
and  postural  attitudes,  so  there  are  cases  of  dystonia  which  are  made 
prominent  by  the  abnormal  movements  and  others  which  are  signalized 
by  the  postural  attitude. 

CONCLUSIONS 

1.  There  exists  a  myostatic  variety  of  dystonia  musculorum  defor- 
mans as  contrasted  with  the  usual  myokinetic  form. 

2.  Phenomena  of  decerebrate  rigidity  may  frequently  be  observed 
in  dystonia  musculorum  deformans. 

3.  All  cases  of  dystonia  have  an  underlying  postural  background, 
one  of  the  manifestations  of  which  are  the  phenomena  of  decerebrate 
rigidity. 

4.  The  myostatic  and  myokinetic  phases  of  dystonia,  which  may 
be  observed  in  all  cases,  are  capable  of  dissociation.  Either  the  static 
or  kinetic  phase  may  dominate  the  clinical  picture. 

5.  The  involvement  in  dystonia  may  be  segmental  in  character. 

6.  In  dystonia  there  occur  not  infrequently  signs  of  other  striatal 
diseases  which  point  to  a  common  anatomic  and  physiologic  relationship. 

We  wish  to  express  our  thanks  to  Dr.  A.  M.  Rabiner,  resident  neurologist 
of  the  Montefiore  Hospital,  for  his  kind  assistance  in  obtaining  the  pliotographs 
of  the  patients. 

DISCUSSION 

Dr.  J.  Ramsay  Hunt,  New  York:  I  should  prefer  to  use  the  terms  "rigid 
or  paralytic  type"  for  the  group  of  cases  described  by  Dr.  Wechsler.  If  I  am 
correct  in  my  conception  of  the  efferent  system  and  its  division  into  a  kinetic 
and  a  static  system,  we  shall  in  the  future  recognize  groups  of  symptoms 
refcral)le  to  the  static  mechanism.  The  corpus  striatum  is  essentially  a  kinetic 
mechanism.  When  there  is  a  striatal  paralysis  there  follows  naturally  postural 
fixations,  just  as  after  hemiplegia  from  lesions  of  the  corticospinal  system. 
Therefore,  why  should  the  term  "mj^ostatic"  be  applied  to  express  a  paralytic 
manifestation  of  a  kinetic  mechanism? 

In  other  disorders  of  the  corpus  striatum,  for  example  paralysis  agitans, 
we  recognize  a  tremor  type  and  a  rigid  type,  and  this  makes  a  satisfactory 
clinical  distinction.  In  my  experience  with  dystonia  these  rigid  or  paralytic 
types  represent  late  stages  of  the  disease  not  unlike  the  late  paralytic  stage  of 
paralysis  agitans  and  athetosis  when  paralysis  and  rigidity  replace  the  earlier 
motor  disturbances. 

I  am,  however,  in  entire  sympathy  with  Dr.  Wechslcr's  division  of  these 
two  clinical  groups,  but  it  seems  that  it  would  be  better  to  speak  of  them  as  a 
rigid  or  paralytic  type  rather  than  myostatic. 


PROGRESSIVE     FUNICULAR     MYELOPATHY     (SUB- 
ACUTE    COMBINED     DEGENERATION)* 

JOSEPH    H.    GLOBUS,    M.D.,    and    ISRAEL    STRAUSS,    A.M.,    M.D. 

NEW    YORK 

Most  investigators  agree  that  the  clinical  entity  known  as  subacut 
combined   degeneration   or   subacute    funicular   myelitis   is   not   a   tru€ 
system  disease,  but  that  the  disease  process  begins  in  numerous  more  oi 
less  irregularly  distributed  foci,  which  later  coalesce. 

Shimozono  ^  and  Wohlwill,-  employing  modern  methods,  attemptec 
to  establish  the  sequence  of  the  disease  process.  Their  aim  was  tc 
discover  the  structural  unit  which  first  suffers.  They  claim  that  th( 
axis  cylinder  is  first  attacked    and  that  the  other  changes  are  secondary 

Shimozono  studied  three  cases  of  pernicious  anemia  and  a  numbei 
of  experimental  animals  in  which  severe  anemia  was  produced  by  tht 
injection  of  pyrodin.  He  concluded  that  the  disease  process  wa-S 
mainly  neurolytic.  He  describes  the  axis  cylinder  changes  as  occurring 
in  three  distinct  phases.  First,  there  is  slight  swelling  in  the  axis 
cylinder  leading  to  irregularities  in  its  outline ;  second,  there  is  loss 
of  staining  properties  and  loss  of  fibrillar  structure,  and  finally,  dis- 
solution. He  attributes  great  importance  to  the  presence  in  large 
numbers  of  so-called  Elzholz  bodies.  In  his  description  of  these 
bodies  he  does  not  dififer  from  that  of  Elzholz.'  They  are  small  round 
bodies,  staining  like  Marchi  bodies.  They  occur  most  commonly  ir 
the  neighborhood  of  the  node  of  Ranvier  and  for  some  distance  betweei 
the  myelin  sheath  and  the  membrane  of  Schwann.  They  are  also  fre- 
quently seen  in  the  nuclei  of  the  neurilemma  cells,  where  they  have  ar 
eccentric  position  and  tend  to  herniate  into  the  surrounding  cytoplasm 
They  are  considered  by  Shimozono  as  indicative  of  primary  degeneration 
in  the  axis  cylinder.  Elzholz  considered  them  products  of  decomposition. 
Their  staining  reactions  suggest  their  origin  from  myelin.  Elzholz  also 
found  these  bodies  in  normal  nerve  fibers,  though  not  in  as  great 
numbers  as  in  diseased  nerves.  This  led  him  to  suggest  that  they  may 
be  the  product  of  metabolic  changes  in  the  myelin.  Shimozono's  inter- 
pretation of  the  axis  cylinder  involvement  as  primary  is  still  doubtful. 
One  would  not  expect  to  find  well  preserved  axis  cylinders  in  an  area 


*  From  the   Neurological   Service   and   the   Pathological   Laboratory   of  the 
Mount   Sinai  Hospital. 

1.  Shimozono:    Deutsch.  Ztschr.  f.  Nervenheilk.  35:   1908;  Arch.  f.  Psychiat. 
53:972,  1914. 

2.  Wohlwill:    Deutsch.  Ztschr.  f.  Nervenheilk.  68-69:423,   1921. 

3.  Elzholz:    Jahrb.  f.  Psychiat.  u.  Neurol.  17:    1897. 
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of  destruction  of  long  standing  were  the  axis  cylinder  the  fiist  structure 
to  be  attacked.  We  shall  show  that  naked  axis  cylinders  are  frequently 
encountered  in  the  diseased  foci.  Again,  the  occurrence  of  hemorrhages 
in  the  material  which  he  studied  led  Shimozono  to  the  hypothesis  that 
the  blood  which  has  escaped  from  a  partially  injured  blood  vessel 
undergoes  decomposition  and  liberates  certain  products  which  are  spe- 
cifically detrimental  to  the  axis  cylinders.  These  hemorrhages  are 
infrequent,  according  to  the  reports  of  other  investigators,  as  well  as 
in  the  material  used  in  the  present  study,  and  may  be  altogether  absent. 
Hence  we  are  not  warranted  in  assigning  to  them  a  specific  causa- 
tive action.  Schroeder  *  observed  hemorrhagic  extravasations  in  the 
so-called  "Ringwall-Herdchen."  He  takes  the  ground,  however,  that 
these  mild  hemorrhages  cannot  be  considered  as  causative  factors  in 
the  disease  process  of  pernicious  anemia.  The  absence  of  adventitial 
changes  in  the  involved  blood  vessels,  in  his  opinion,  points  to  the 
probability  that  these  extravasations  play  a  secondary  role. 

Wohlwill,  in  a  large  number  of  cases,  found  anatomic  features 
similar  to  those  described  by  Shimozono.  He  also  considers  the  so-called 
neurolytic  swelling  the  first  step  in  the  disease  process.  He  based 
his  observations,  however,  on  the  finding  of  one  single  nerve  fiber, 
which  he  studied  in  cross  section.  He  claims  that  one  almost  never 
sees  intact  axis  cylinders  in  the  path  of  the  degenerated  myelin  sheaths, 
and  that  the  process  in  this  disease  difl:'ers  thus  from  that  in  multiple 
sclerosis.  The  demyelinization  here  is  secondar}-  to  the  axis  cylinder 
dissolution.  On  the  other  hand,  he  describes  ball-like  terminations  in 
some  axis  cylinders,  similar  to  those  found  by  Marinesco  and  Minea 
in  multiple  sclerosis. 

Hassin's  ■'  observations  in  two  cases  of  subacute  combined  cord 
degeneration  led  him  to  conclude  that  the  "lesion  afitects  principally 
the  myelin,  the  axones  becoming  affected  later  on.  when  we  have  before 

us   the   picture    of    \\'allerian    degeneration "'    "The    process    of 

destruction,"  he  continues,  "begins  in  the  myelin,  later  involves  the 
axone,  finally  resulting  in  Wallerian  degeneration." 

REPORT     CF     CASES 

Case  1.* — History. — H.  X.,  a  woman,  aged  57  years,  was  admitted  to  the 
hospital  on  April  11  and  died  on  April  23.  1921.  Two  l)rothers  had  died  of 
pulmonary  tuberculosis.  The  patient,  until  the  onset  of  the  illness,  had  been 
well.  The  present  illness  began  gradually,  six  months  previous  to  admission, 
with  a  feeling  of  w-eakness   in  the  lower  extremities,  which  was  at  first  more 


*  We  are  indebted  to  the  physicians  of  the  hospital  for  permission  to  report 
these  cases. 

4.  Schroeder:    Monatschr.  f.  Psychiat    u.   Neurol.  35:    1914. 

5.  Hassin:     Med.  Rec.  1917. 
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marked  in  the  left  leg.  Within  four  weeks  she  was  completely  paralyzed  in 
both  legs.  At  the  same  time  the  extremities  felt  nunil)  and  she  occasionally 
sufifered  from  paresthesia.  A  gradual  wasting  was  noticed  in  both  lower 
limbs.  Six  weeks  before  admission  she  lost  control  of  the  bladder  and  rectum, 
and  superficial  ulcers  developed  over  the  buttocks.  The  strength  in  the  muscles 
of  the  trunk   and   upper  extremities   was   well   preserved. 

Physical  lixaiuiiiation. — The  patient  was  a  fairly  well  developed  woman  with 
marked  pallor  of  the  skin.  There  was  bilateral  ptosis,  more  marked  on  the 
right.  The  pupils  reacted  equally  to  light  and  accommodation.  Horizontal 
nystagmus  on  lateral  fixation  was  present.  The  fundi  were  normal.  There  was 
general  atrophy  of  both  upper  extremities,  with  marked  wasting  in  the  inter- 
ossei.  Moderate  hypotonia;  marked  incoordination,  and  adiadokokinesis ; 
marked  wasting,  hypotonia  and  almost  complete  jiaralysis  of  both  lower 
extremities  were  present.  Deep  reflexes  were  present  in  the  upper  extremities, 
and  absent  in  the  lower.  The  abdominal  reflexes  were  lost.  A  bilateral 
Babinski  sign  was  present.  There  was  general  hypalgesia.  Temperature,  mus- 
cular and  vibratory  senses  were  lost. 

Blood  Examination. — The  blood  was  examined  twice.  The  first  examina- 
tion revealed:  3,500,000  red  cells;  65  per  cent,  hemoglobin;  8,000  white  cells; 
74  per  cent,  polymorphonuclears  ;  anisocytosis ;  some  cells  hyperchromatic,  and 
a  few  macrocytes.  The  hemoglobin  index  was  1.1.  The  second  examination 
revealed:  2,820,000  red  cells;  65  per  cent,  hemoglobin;  platelets,  304,000;  white 
cells,  3,800;  39  per  cent,  polymorphonuclears;  58  per  cent,  lymphocytes;  2  per 
cent,  eosinophils;  1  per  cent,  monocytes;  coagulation  time,  seven  minutes; 
bleeding  time,  one  and  a  half  minutes.  A  note  by  Dr.  Rosenthal  reads  as 
follows:  "Hyperchromatic  anemia  showing  numerous  macrocytes,  polychro- 
matophilia  and  some  anisocytosis,  apparently  reseml)ling  pernicious  anemia. 
Blood  platelet  count,  however,   is   unusually   high." 

Course  of  Illness.— On  the  day  before  the  patient's  death,  speech  became 
nasal,  breathing  labored  and  swallowing  difficult.  There  was  some  exoph- 
thalmos, facial  paresis,  more  marked  on  the  left  side,  and  increased  weakness 
in  the  upper  extremities.  Atrophy  of  the  intrinsic  muscles  of  the  hand  increased. 
The  reflexes  of  the  upper  extremities  were  increased.  Memory  was  poor.  The 
patient  was   easily  fatigued.     The  pulse  was  very  rapid. 

Case  2.— History.— M.  B.,  a  woman,  aged  68  years,  was  admitted  to  the 
hospital  on  Aug.  26.  1921,  and  died  on  Sept.  9,  1921.  She  gave  no  history  of 
previous  illness.  Seven  months  before  admission  she  complained  of  a  peculiar 
tingling  in  the  fingers  of  both  hands.  This  paresthesia  became  persistent;  at 
the  same  time  general  weakness  developed,  accompanied  by  loss  of   weight. 

Fhysical  E.vamination.— The  patient  was  a  poorly  nourished  woman,  very 
anemic  and  extremely  weak.  There  were  no  changes  in  the  innervation  of  the 
cranial  nerves.  The  reflexes  were  normal ;  no  paralyses  and  no  gross  changes 
in  sensation  were  present. 

Blood  Examination.— Exam\mUon  revealed  2,000,000  red  cells;  hemoglobin, 
55  per  cent.;  color  index,  1.3;  white  cells,  4,800;  polymorphonuclears,  58  per 
cent;  lymphocytes,  40  per  cent.;  monocytes,  2  per  cent.;  red  cells  showed 
hyperchromia,  polychromatophilia,  poikilocytosis  and  anisocytosis.  Two  later 
examinations  showed  gradual  increase  in  the  color  index  to  1.4.  Gastric  analy- 
sis disclosed  absent  free  hydrochloric  acid.    The  total  acidity  was  33. 
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Course  of  Illness. — During  her  stay  in  the  hospital,  the  patient  developed 
mental  disturbance.  She  became  disoriented,  speech  was  incoherent  at  times, 
and  there  was  a  mild  muttering  delirium.  Definite  lateral  nystagmus  appeared 
in  both  eyes,  and  ataxia  of  the  left  arm  developed.    The  knee  reflexes  were  lost. 

Pathologic  Anatomy.  —  Material  and  Methods:  The  spinal  cords  of  the 
patients  in  Cases  1  and  2,  and  the  brain  in  Case  1,  were  available  for  study. 
Numerous  blocks  were  fixed  in  liquor  formaldehydi,  alcohol  and  Weigert's  glia 
mordant.  Some  formaldehyd  fixed  material  was  further  carried  into  Miiller's 
flaid  and  into  Miiller-osmic-acid  solution.  Celloidin,  paraffin  and  frozen  sec- 
tions were  made.  The  following  stains  were  used:  Delafield's  hematoxylin. 
Heidenhain's  iron  hematoxylin,  Spielmeyer's  myelin  sheath  stain,  Weigert-Pal, 
Marchi.  Kerxheimcr's  fat  <ta:n,  Biebchowfky's  silver.  Alzhcimcr-Mann  and 
Jacob's  methods. 


Fig.  1   (Case  1). — ^Section  of  a  dorsal  segment  showing  the  almost  complete 
involvement  of  the  dorsal,  lateral  and  anterior  pyramidal  tracts. 


Gross  Anatomy:  Both  spinal  cords  appeared  markedly  reduced  in  size. 
The  meninges  presented  no  evidence  of  gross  pathologic  change.  Several  cross 
cuts  made  in  the  cord  showed  a  distinct  degenerative  process  in  the  dorsal, 
lateral  and  ventral  columns.  In  Case  1  the  lateral  and  anterior  pvramidal 
tracts  showed  a  most  intense  destructive  process  in  the  lumbar  region.  In 
the  cervical  segments  a  destructive  process  in  the  region  of  the  spinocerebellar 
tracts  was  added.  The  areas  involved  were  best  brought  out  in  stained 
preparations,  presenting  a  picture  of  distinct  combined  funicular  disease 
(Fig.  1).  A  section  in  the  dorsal  region,  stained  by  the  Marchi  method,  showed 
by  the  appearance  of  large  areas  staining  black  that  the  process  was  still  active. 
Microscopic  Anatomy. — In  studying  the  diseased  areas  in  the  spinal  cord, 
two  grades  of  process  were   ff)nnd      There  were  lesions  which  showed  active 
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destructive  or  regressive  process  and  other  areas,  irregular  in  distribution,  giv- 
ing evidence  of  a  more  or  less  chronic,  productive  reaction.  In  the  acute  lesions 
the  extent  of  the  process  of  dissolution  was  impressive,  large  zones  of  white 
matter  being  replaced  by  products  of  softening  and  by  ])hagocytes.  This  resulted 
in  a  cribriform  appearance.  In  preparations  stained  with  scarlet  red,  such  an 
area  of  softening  showed  numerous  granular  cells  (gitter  Zellen),  and  ves- 
sels whose  adventitial  spaces  were  filled  with  granular  cells  loaded  with  fat.  In 
the  chronic   foci  there  was  progressive  hcalhig  by   formation  of  glia  fibers. 


Fig.  2.— Section  of  an  area  in  the  dorsal  region  of  the  spinal  cord,  show- 
ing an  intense  degenerative  process  evidenced  liy  the  presence  of  large  numbers 
of  granular  cells  loaded  with  fatty  particles.  A  small  vessel  surrounded  and 
infiltrated  liy  gitter  cells  is  seen  in  the  field.  Vessels  of  this  character  are 
found  in  large  numbers  throughout  the  diseased   area  of  the  cord. 


In  the  acute  destructive  lesion  it  was  highly  important  to  attempt  to  estab- 
lish the  sequence  of  events  with  reference  to  the  involvement  of  the  various 
structural  units  including  the  myelin  sheath  of  nerve  fibers,  the  axis  cylinders, 
the  interstitial  supporting  glial  elements,  the  ganglion  cells  of  the  gray  matter, 
and  also  the  mesodermal   structures,  particularly  the  blood   vessels. 
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The  Myelin  Sheath  :  Our  material  showed  conclusively  and  uniformly  that 
the  myelin  sheath  was  the  seat  of  the  most  intense  disease  process.  In  areas 
in  which  the  softening  process  was  most  acute,  the  myelin  cover  of  nerve  fibers 
almost  completely  disappeared.  The  resultant  products  of  destruction  were 
picked  up  by  phagocytic  elements  (Fig.  3)  which  w^ere  mainly  glial  in  origin. 
Where  the  myelin  still  remained  it  was  fragmented  and  occasionally  incor- 
porated in  Marchi  bodies.  Transitional  stages  in  the  degenerative  process  of 
the  myelin  were  frequently  seen  in  the  f<irm  of  swelling  or  irregularities  in 
outline. 


Fig.  3. — (jitter  cells  of  various  types  containing  lipoid  particles  are  shown 
in  relation  to  blood  vessels.  Some  of  the  gitter  cells  contain  definite  enclosures 
(myelophages). 


Axis  Cylinders:  The  axis  cylinders  showed  changes  wiiicli,  in  our  opinion, 
were  proportional  to  the  structural  modifications  noted  in  the  myelin  sheaths. 
The  axis  cylinders  had  been  involved  in  the  process  secondarily  to.  or  in  some 
instances  coincidentally  with,  the  destruction  of  the  myelin  sheath.  This  view 
is  based  on  the  fact  that  in  many  scars  devoid  of  myelin  coat  and  normal 
nerve  fibers  there  were  nakeo  axis  cylinders,  fairly  uniform  in  outline,  unin- 
terrupted   in    their    course    and    showing    practically    no    pathologic    changes 
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(Fig.  4).  We  are  not  in  accord  with  the  observations  of  Shimozono  or 
Wohhvill,  liut  support  the  studies  of  Hassin.  It  is  true  that  there  exist 
numerous  naked  axis  cylinders  which  show  advanced  pathologic  changes,  such 
as  vacuolization,  fragmentation,  swelling,  cork-screw  formation  and  ball-like 
terminations.  These  changes,  however,  in  our  opinion,  are  secondary.  With 
tlic  swelling  of  the  myelin  sheath  there  commonly  occurs  a  coincident  change 
in  the  outline  of  the  axis  cylinder,  and  as  the  pathologic  process  in  the  myelin 
sheath  advances,  the  change  in  the  axis  cylinder  progresses.  Complete  destruc- 
tion of  the  m\elin  shealh  Icad^  e\entua!h'  tt)  dissolution  of  the  axis  cylinders. 


Fig.  4. — Section  through  an  area  of  softening  showing  a  naked  axis  cylinder 
fairly  uniform  in  outline,  free  of  myelin  sheath,  and  surrounded  by  numerous 
granular  cells;  occasional  Elzholz  l)odies. 


Elzholz  Bodies :  These  were  everywhere  in  large  numbers,  particularly 
in  areas  of  acute  softening.  They  occurred  along  the  course  of  naked  axis 
cylinders  between  myelin  sheaths  and  neurilemma,  and  independent  of  axis 
cylinders  or  myelin  sheaths.  The  lack  of  uniformity  in  distribution,  the  absence 
of  a  definite  relationship  to  axis  cylinder  or  to  myelin  sheath,  leads  us  to  con- 
clude that  they  cannot  be  looked  on  as  an  indication  of  primary  axis  cylinder 
disease. 
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Glia:  The  most  striking  histologic  changes  were  offered  hy  the  reactions 
of  the  various  types  of  glia  elements  in  hoth  acule  and  chrcmic  areas  of 
degeneration. 

Granular  cells  were  found  in  extremely  large  numliers  whercvi'r  the  destruc- 
tive process  was  still  in  progress.  They  occurred  in  close  proximity  to  naked 
axis  cylinders,  within  nerve  tihers,  where  they  had  replaced  the  myelin,  in  the 
interstices  formed  by  the  reticular  network  of  the  normal  neuroglia  and  occa- 
sionally with  no  trace  of  myelin  or  axis  cylinder  in  the  vicinity.  Again,  they 
were  found  in  large  numbers  in  the  adventitial  coat  of  Idood  vessels,  occasion- 


Fig.  5. — .\  Idood   vessel   in  an  area  of  acute  degeneration,   showing   marked 
adventitial   infiltration   with  the  media  and  intima  intact  and  unmodified. 


ally  forming  several  layers  about  a  small  vessel  (Fig.  5).  When  stained  l)y 
fat  stains  they  were  seen  to  be  crowded  with  large  fat  dru])Iets.  On  the  other 
hand,  when  the  fat  content  was  washed  out  by  the  clearing  agent  in  the  |)rocess 
of  embedding,  their  cytoplasin  had  a   reticulate  appearance. 

The  fiber-forming,  or  monster,  glia  cells  were  found  (Fig.  6)  in  areas  in 
which  the  regressive  process  was  complete  and  the  organizing  process  was 
in  ])rogress.  They  were  most  common  in  llie  vicinity  of  blood  vessels  and 
sent  processes  to  the  adventitial  coat  of  the  jjbujd  vessel.  Xaked  axis  cylinders 
were  frequently   found  in   these  areas  of  gliosis. 
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Blood  X'essels:  Tlie  adventitial  spaces  (Virchow-Robin)  of  the  small  and 
medium-sized  vessels,  as  well  as  of  an  occasional  larger  vessel,  were  crowded 
with  fat-containing  granular  cells.  The  adventitial  connective  tissue  of  some 
of  the  vessels  underwent  a  marked  proliferation.  In  some  instances  there  was 
an  apparent  thickening  of  the  adventitial  coat.  These  changes,  however,  can- 
not be  interpreted  as  an  inflammatory  reaction.  There  were  no  well  defined 
pathologic  changes  in  the  adventitia,  media  or  intima  of  the  blood  vessels 
throughout   the   spinal   cord,   which   would   suggest   an   inflammatory   or   even   a 


Fig.  6.— Gliosis  in  the  area  of  the  scar  showing  many  monster  glia  forming 
cells,  arranged  about  a  medium  sized  blood  vessel. 

degenerative  change  in  the  wall  of  the  I)lood  vessel.  While  occasionally  there 
appeared  to  be  some  tendency  toward  the  hyalinization  of  the  media  or  a 
slight  increase  in  the  size  of  an  endothelial  cell  of  the  intima.  there  was  no 
definite   evidence  of  an  endarteritis  or  other  disease  of  the  blood  vessels. 

Brain  :  A  systematic  study  of  numerous  sections  from  the  brain  stem  and 
cerebral  hemispheres  in  Case  1  showed  only  small  areas  of  perivascular  soft- 
ening, with  an  accumulation  in  the  vicinity  of  the  vessel  of  a  limited  number 
of  "gitter"  cells  and  occasional  amyloid  bodies.     The  vessels  themselves  showed 
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only  moderate  change.  In  some  there  appeared  a  deposit  of  a  slight  amount 
of  yellowish  pigment  in  the  intima,  with  no  change  in  the  lining  cells,  while 
in  others  the  adventitia  showed  an  accumulation  of  fairly  large  quantities  of 
lipoid  material,  without  change  in  the  media  and  intima. 

Spinal   Roots  :     Preparations   showed  deposits  of  fat  and   Marclii   bodies. 

SU.M.M.\RV 

It  is  quite  evident  that  the  morbid  changes  found  in  so-called  com- 
bined system  disease  are  to  be  regarded  as  degenerative  in  character. 
The  almost  total  absence  of  a  reaction  on  the  part  of  the  mesodermal 
components  excludes  an  inflammatory  origin.  For  this  reason  the  term 
"subacute  funicular  myelitis,"  first  suggested  by  Henneberg,  is  inac- 
curate. \\'ith  .S[)ielmeyer  and  W'ohhvill  we  are  convinced  that  it  is 
a  purely  degenerative  process,  and  accordingly  propose  the  name  "pro- 
gressive funicular  myelopathy,  to  indicate  the  character  as  well  as  the 
topographical   relationship  of  the  lesions. 

The  pathologic  process  is  of  such  a  nature  that  we  may  predicate 
the  action  of  a  toxin  of  unknown  origin.  It  is  probable  that  this 
agent  is  responsible  not  only  f(»r  the  changes  in  the  spinal  cord  and 
brain,  but  also  for  the  clinical  and  ])athologic  manifestations  of  per- 
nicious anemia.  It  seems  probable  that  the  degenerative  changes  in 
the  central  nervous  system  and  the  changes  in  the  rest  of  the  organism 
are  the  joint  result  of  a  common  factor,  rather  than  related  to  each 
other  as  cause  and  efifect.  It  is  also  likely  that  the  same  disea.se  process 
is  frequently  present  in  cases  in  which  cord  lesions  are  associated 
with  anemia  not  pernicious  in  character.  We  also  feel  that  the 
histologic  picture  in  this  disease  is,  in  the  main,  similar  to  that  found 
by  Hassin  in  multiple  sclerosis.  In  both  conditions  there  is  probably  an 
endogenous  toxin  which  has  a  selective  affinity  for  the  myelin.  The 
dissolution  of  the  myelin  leads  to  the  exposure  of  the  axis  cylinders, 
which  undergo  degenerative  changes,  and  are  eventually  destroyed. 
This  progressive  destruction  of  the  ])arenchyma  calls  forth  a  large 
number  of  phagocytic  elements  of  glial  origin.  Side  by  side  with 
this  there  occurs  a  ])rogressive  activity  of  fiber-forming  glia  cells.  The 
Elzholz  bodies  are,  in  our  opinion,  to  be  considered  as  incidental  to 
the  destructive  changes.  F.lzholz  himself  considered  them  as  products 
of  destruction  CAbbauproducten)  or  of  myelin  metabolism,  lie  did  not 
regard  them  as  specific  ff)r  degeneratif)n  of  the  axis  cylinders.  In 
general  the  pathologic  picture  shows  a  strong  similarity  lf>  the  histologic 
picture  of  periaxial  neuritis  described  by  Doinikow." 


6.  Doinikow.    Xissl    and   .Mzheimer:      Ilistologische   nnd   histopathologischc- 
Arbciten  4:445.  1911. 
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DISCUSSION 

Dr.  Colin  K.  Russel,  Montreal:  Has  Dr.  Strauss  oliserved  in  his 
studies  any  variation  in  the  severity  of  the  degeneration  at  the  different  levels 
of  the  same  tract?  For  example,  in  the  pyramid^al  tract  has  he  noticed  that 
the  degeneration  in  the  peripheral  part  of  that  tract,  in  the  lower  dorsal  region, 
is  more  marked  and  more  definite  than  the  degeneration  of  that  tract  in  the 
pons  or  in  the  internal  capsule?  Or  in  the  posterior  columns  is  the  degenera- 
tion more  marked  in  the  upper  cervical  than 'it  is  in  the  lumhar  region?  In 
other  words,  has  he  noticed  that  the  peripheral  part  of  the  axis  cylinder  degen- 
erated before  that  part -"approximate  to  the  nerve  cell?  Such  an  observation 
was  made  by  Nageotte,  in  his  work  on  tabes  dorsalis,  and  it  would  be  iviterest- 
ing  to  know  whether  Dr.  Strauss'  observation  confirmed  this. 

I  do  not  think  the  suggested  change  in  nomenclature  has  any  advantage 
over  the  old  term  subacute  combined  sclerosis  given  by  Risien  Russell  in  1900. 

Dr.  Lewis  J.  Pollock,  Chicago :  Was  there  any  axonal  change  in  the  motor 
ganglion  cells?  As  in  central  neuritis,  in  which  we'  have  diffuse  degeneration 
of  axons,  we  should  expect  to  find  this  change  in  the -'combined  degenerations 
of  the  spinal  cord. 

Dr.  George  B.  Ha.ssin,  Chicago:  If  subacute  combined'  Cord  degeneration 
and  multiple  sclerosis  show  the  same  histologic  changes,  they  rnight  be  con- 
sidered as  analogous  pathologic  and  clinical  entities.  There  are,  however, 
histopathologic  differences.  In  subacute  cord  degeneration  there  are  absent 
the  microscopic  foci  of  sclerosis  so  abundant  in  multiple  sclerosis;  the  short 
nerve  fibers,  especially  of  the  gray  matter,  are  hardly  affected  in  subacute  cord 
degeneration  where  the  long  fibers  are  principally  if  not  exclusively  involved. 
The  entire  morbid  condition  in  subacute  cord  degeneration  is  much  more 
severe  and  acute  than  in  multiple  sclerosis. 

I  should  like  to  ask  Dr.  Strauss  whether  he  studied  the  subarachnoid  spaces 
and  the  choroid  plexus  for  lipoids? 

Dr.  Joseph  Collins.  New  York:  At  the  last  meeting  of  the  Academy  of 
Medicine  in  Paris,  Dr.  August  Pettit  of  the  Pasteur  Institute  demonstrated 
to  the  satisfaction  of  his  audience  a  spirochete  which  he  had  been  able  to 
transmit  to  rabbits,  mice  and  monkeys,  which  caused  the  typical  characteristic 
lesions  of  multiple  sclerosis. 

Dr.  Georges  Guillian,  speaking  of  this  discovery,  admitted  that  he  was  quite 
satisfied  that  the  spirochete  that  had  been  isolated  and  with  which  he  had 
inoculated  the  animals  was  undoubtedly  the  cause  of  this  disease  and  that  it 
was  truly  an  inflammatory  process.  Of  course,  if  that  is  true,  there  can  l)c  no 
justification  for  Dr.  Hassin's  conclusions. 

Dr.  Henry  Viets,  Boston :  Is  there  any  value  in  the  term  "subacute"  as 
used  in  the  title  of  this  paper?  Also  is  not  the  pathology  used  by  Putnam  and 
Taylor  twenty  years  ago  of  "diffuse  degeneration"  the  better  terminology? 

Dr.  Adolf  Meyer,  Baltimore :  In  the  first  place,  what  we  had  demonstrated 
to  us  is  not  particularly  a  funicular  disease.  I  think  that  Dr.  Strauss  showed 
the  specimen  of  a  section  in  which  the  patchy  character  comes  out  very  well : 
one  part  of  the  funiculus  is  affected  and  then  farther  down  it  is  again  involved. 
Whether  it  is  exactly  the  same  or  not,  and  wliat  the  intermediate  sections 
show,  I  do  not  know. 

It  is  my  conviction  (and  I  think  those  pictures  have  shown  it  again,  as 
have  my  own  specimens)  that  funiculi  are  not  affected  but  certain  superficial 
topographical  regions,  and  those  rather  in  a  patchy  form. 


118  JOSEPH    H.     GLOBUS— ISRAEL     STRAUSS 

I  therefore  should  not  like  the  term  "conihincd  sclerosis"  either.  There 
seems  to  be  an  autolytic  process  with  secondary  reactions  that  belongs  to  almost 
every  degenerative  process,  and  therefore  multiple  sclerosis  sections  are  some- 
what similar  to  this,  although  in  that  condition  I  would  perhaps  much  rather 
expect  myelitic  patches  with  rare  destruction  of  the  tissue  as  such;  whereas 
this  seems  to  me  to  be  an  autolysis  of  tissue  in  which,  of  course,  various  parts 
of  the  tissue  are  unequally  resistant.  My  belief,  therefore,  is  that  we  deal  in 
multiple  sclerosis  with  patches  of  various  sizes  but  remarkably  circumscribed, 
capalile  of  involving  both  gray  and  white  matter  irrespective  of  any  funicularity 
of  tissue,  whereas  in  this  anemia  process,  which  evidently  is  much  more 
specifically  nutritional,  or  at  any  rate  in  which  the  metabolism  is  determined, 
we  have  certain  usually  superficial  patches  or  regions  of  the  spinal  cord,  far 
less  frequently  farther  up  in  the  brain  stem,  in  a  state  of  tissue  dissolution. 

Moreover,  from  the  point  of  view  of  symptomatology,  the  two  conditions  are 
so  dissimilar  that  I  should  consider  it  rather  unfortunate  to  give  the  impression 
of  close  relation  between  them. 

Dr.  Williams  B.  Cadwalader,  Philadelphia :  For  a  long  time  I  have 
believed  that  infections  or  toxins,  totally  different  in  nature,  are  capalile  of 
producing  lesions  in  the  spinal  cord  that  cannot  be  differentiated  with  accuracy 
by  the  miscroscopic  appearance  alone.  If.  therefore,  we  consider  the  altera- 
iions  found  in  the  spinal  cord  associated  with  severe  anemia  in  this  light  one 
might  readily  find  similarities  to  multiple  sclerosis  such  as  Dr.  Strauss  has 
shown.  But  we  also  know,  as  Dr.  Spiller  pointed  out  at  the  meeting  of  the 
Research  Society  in  1921,  that  there  is  a  considerable  variation  in  the  appear- 
ances of  the  lesions  of  multiple  sclerosis,  depending  on  the  duration  of  the 
disease.  In  a  very  early  stage  there  are  certain  changes  that  Dr.  Spiller  has 
shown  that  appear  quite  different  from  those  of  the  advanced  stage  of  the 
disease.  In  the  combined  sclerosis  of  anemia  there  are  also  variations  in  the 
appearances  of  the  lesions,  depending  on  the  duration  of  the  toxic  process. 
There  is  a  great  deal  in  favor  of  believing  that  the  process  is  a  toxic  one,  for 
occasional  cases  are  found  in  which  the  red  l^lood  count  is  normal  or  nearly  so, 
and  yet  there  is  evidence  of  considerable  degeneration  in  the  posterior  and 
lateral  columns  of  the  spinal  cord.  Alterations  have  been  found  in  the  nervous 
system  of  certain  patients  with  encephalitis  that  resemble  multiple  sclerosis ; 
and  the  similarity  of  the  lesions  of  acute  anterior  poliomyelitis  to  epidemic 
encephalitis  is  well  known.  In  spite  of  this  I  do  not  feel  that  we  are  justified 
in  immediately  concluding  from  these  facts  alone  that  the  diseases  are  neces- 
sarily caused  by  the  same  toxin  or  the  same  organism.  I  quite  agree  with  Dr. 
Meyer  that  the  changes  found  in  combined  sclerosis  of  the  spinal  cord  asso- 
ciated with  severe  anemia  should  not  be  confused  with  those  of  multiple 
sclerosis.  The  two  diseases  are  in  no  way  related,  and  are  (|uite  different  in 
their  clinical  aspect  as  well  as  their  pathology.  Minute  similarities  to  which 
Dr.  .Strauss  has  called  attention  niiglit  exist  in  m<irc  than  one  disease,  but  they 
are  not  discriminating. 

Dr.  Str.^u.ss,  in  closing:  This  process  has  been  known  l)y  a  number  of 
names,  none  of  which  has  been  considered  satisfactory.  It  is  true  that  it  does 
not  start  with  the  degeneration  of  a  system,  beginning  in  foci  mainly — almost 
exclusively  in  the  white  matter.  As  these  foci  grow  and  coalesce  secondary 
degeneration  becomes  evident,  and  if  the  various  foci  are  large  enough  and 
close  together  there  will  l)e  a  degeneration  which  might  afli'ect  an  entire  column, 
which  might  be  the  terminal  system ;  hence  the  name  "subacute  funicular 
myelopathy." 
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It  is  suliacute  l)ecause  it  is  still  in  progress,  and  the  process  takes  a  number 
of  months  and  sometimes  years.  We  chose  the  word  "subacute"  purposely 
because  in  most  cases  it  is  in  progress. 

The  cord  is  more  involved  than  the  other  parts,  the  medulla  and  pons  very 
little.     The  parts  affected  are  chiefly  below  the  medulla. 

It  is  far  from  our  intention  to  confuse  multiple  sclerosis  with  this  disease. 
We  know  that  the  conditions  are  not  alike.  We  wish  to  emphasize  the  fact 
that  the  process  is  a  degenerative  one  and  that  the  picture  histologically  and 
anatomically  is  very  similar  to  that  presented  in  multiple  sclerosis.  There- 
fore, if  this  process  can  be  due  to  a  toxin,  it  lends  support  to  the  view 
advanced  by  many  that  multiple  sclerosis  is  due  to  a  toxin.  It  is  an  argument 
based  on  similarity  of  the  pathologic  and  histologic  picture. 

We  did  not  stain  the  choroid  plexus.  The  su])arachnoid  space  showed 
numerous  granular  cells.  We  found  in  one  of  the  cases  a  thickening  of  the 
glia,  which  Dr.  Hassin  found  in  multiple  sclerosis  and  which  he  regarded  as 
Deing  due  to  an  irritative  reaction. 

With  regard  to  the  pictures  shown  by  us  and  those  shown  by  Hassin  in 
multiple  sclerosis,  if  they  are  due  to  an  inflammation,  they  are  seen  in  no  other 
inflammatory  disease  that  we  know  of  in  the  central  nervous  system.  Neither 
poliomyelitis,  syphilis  nor  encephalitis  produce  a  picture  similar  to  this.  In 
those  conditions  there  is  a  distinct  inflammatory  reaction.  Whether  a  spirochete 
is  the  cause  of  multiple  sclerosis,  it  is  certainly  not  the  cause  of  funicular 
myelopathy,  for  if  it  were  it  would  be  reasonable  to  suppose  that  the  picture 
histologically  and  physiologically  would  be  similar  to  that  which  is  seen  in 
diseases  caused  by  this  organism. 

There  is  only  one  curious  clinical  fact  that  would  point  to  a  spirochetal 
origin  of  multiple  sclerosis,  that  Iicing  tlie  frequency  of  the  colloidal  gold 
reaction  in  the  spinal  fluid. 

Regarding  the  resemblance  of  an  acute  multiple  sclerosis  to  this.  I  believe 
that  even  the  cases  of  Spiller  and  similar  cases  in  the  literature  are  cither 
syphilitic  or  more  probably  encephalitic. 
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Last  year,  I  discussed  before  you  the  physiologic  consequences  of 
the  mechanical  action  of  tumors  of  the  cervical  cord.  We  then  agreed 
that  the  chief  mechanical  action  was  interference  with  the  circulation  in 
the  cord.  The  consequential  signs  resembled  in  the  main  those  due 
to  other  circulatory  disturbances,  such  as  hemorrhage  and  thrombosis, 
especially  in  their  localization  and  distribution.  \\'e  then  saw  that  the 
rapidity  of  development  of  the  tumor  determined  the  jiresence  or 
absence  of  collateral  circulation,  and  that  the  size  of  the  tumor  might 
be  gaged  roughly  according  to  the  circulatory  defect. 

Obviously,  in  a  slow-growing  tumor,  collateral  circulatory  com- 
pensation may  for  a  time  almost  keep  pace  with  circulatory  inter- 
ference from  the  tumor  pressure,  and  an  underestimate  of  the  size  of 
the  ttmior  may  be  made  from  the  net  circulatory  deficiency.  On  the 
other  hand,  rapidly  growing  tumors,  which  at  first  tend  to  outstrip  all 
attempts  at  vascular  compensation,  may  give  rise  to  an  overestimate 
of  the  tumor  mass. 

The  capacity  for  vascular  dilatation  and  development  varies  in 
dififerent  persons,  and  at  different  parts  of  the  spinal  axis.  But  at  any 
one  site,  the  sudden  development  of  acute  pressure  symptoms  means 
either  the  appearance  of  a  fast-growing  mass,  or  that  a  slower-growing 
mass  has  definitively  surpassed  the  compensatory  capacity  of  the 
collateral  circulation. 

In  the  pons,  the  mechanical  situation  permits  of  considerable  growth 
with  less  pressure  than  in  the  narrower  confines  of  the  spinal  canal ; 
but  the  structures  in  the  pons  are  more  specifically  differentiated  as 
regards  function  than  are  analogous  structures  in  the  cord.  In  other 
words,  lesser  pressures  in  the  ])()ns  may  produce  more  easily  detectable 
functional  disturbances;  and,  in  the  brain  stem,  there  are  areas,  such 
as  that  in  the  angle  between  the  restiform  body  and  the  olive,  where 
the  blood  supply  is  derived  from  a  terminal  vessel — the  ])osterior 
inferior  cerebellar  artery,  pressure  on  which  has  wides])read  eft'ects — 
for  the  capacity  for  the  com]:)ensatory  circulation  is  there  slight.  It 
is,  therefore,  usual  for  intramedullary  tumors  to  produce  fewer  symp- 
toms than  extramcdullary,  for  they  lend  to  interfere  less  with  the 
circulation  ;  and  the  fourth  ventricle  growths  in  this  respect  reseml)le 
mtramedullarv  tumors. 


♦From  tlic  wards  of  Mount   Sinai   Hospital   and  tlio   Afontefiore   Hospital. 
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Of  course,  the  form  of  tumor  and  its  consistency  are  factors  in  its 
compressing  capacity,  and  it  must  be  considered  as  well  as  the  site. 
I  shall  merely  mention  here  the  observation,  known  to  all  of  us,  that 
from  the  region  of  the  sigmoid  and  other  sinuses  and  the  gasserian 
sheath,  flat  endotheliomas  may  arise  and  grow  to  a  large  size  without 
causing  any  pressure  symptoms  worthy  of  note. 

But  it  is  the  functional  impairment,  the  signs  of  pressure,  that 
arise  from  the  growths  in  the  brain  stem  that  I  wish  you  briefly  to 
consider  with  me.  I  shall  not  discuss  the  signs  that  arise  from  the 
acute  exudates  of  the  various  forms  of  meningitis  or  encephalitis; 
and  I  shall  not  recapitulate  the  motor  irritative  and  paralytic  signs,  nor 
the  well-known  disturbance  of  coordinate  movement.  I  should  like 
merely  to  mention  a  few  points  that  have  come  under  my  notice  in  the 
study  of  thirty  cases  of  brain  stem  growths,  which  I  hope  later  to  place 
before  you  at  greater  length. 

First,  I  would  emphasize  the  need  to  study  the  clinical  manifesta- 
tions of  an  acute  process.  In  an  acute  stage,  signs  arise  which  are  due 
to  implication  of  contiguous  or  related  structures,  or  which  are 
secondary  to  sudden  jamming  of  the  brain  stem  against  the  honey 
parts.  These  clinical  manifestations  of  urgency  may  hide  the  true 
focus  of  the  growth,  or  give  rise  to  a  suspicion  of  multi])licity  of  foci. 
In  these  acute  stages,  the  size  of  the  growth  may  be  overestimated, 
just  as  in  the  subsequent  chronic  stage  with  circulatory  compensation  the 
size  of  the  growth  may  be  underestimated.  I  should  like  to  remind 
you  that  miniature  and  temporary  acute  stages  can  be  artificially 
mduced  by  posturing  the  jiatient,  and  that  such  posturing  is  of  very 
considerable  diagnostic  value. 

In  studying  the  motor  symptoms,  we  find  that  a  localization  based 
on  pyramidal  tract  signs  alone  is  accurate  only  when  crossed  arm  and 
leg  paralysis  is  present. 

I  shall  not  enumerate  the  many  varieties  of  disturl)ance  of  the 
associated  movements  of  the  eyes,  with  which  the  work  of  Freeman  and 
others  has  made  us  familiar ;  but  I  should  like  to  note  that  I  have  seen 
preservation  of  convergence  joined  to  interference  with  the  associated 
lateral  movements  of  the  eye  in  three  cases  proved  to  be  extramedullary 
growths.  Drs.  Spiller  and  Freeman  have  found  this  conjunction  only 
in  intramedullary  cases,  and  undoul)tedly  it  most  often  occurs  in  them. 
In  the  cases  I  mention,  the  extramedullary  growth  had  probably 
interfered  with  the  intramedullary  circulation. 

The  sensory  disturbances  of  the  syringomyelic  type  is  commonest 
and  earliest  in  intramedullary  disease  afifecting  the  spinothalamic  and 
spinotectal  pathways.  Yet  they  may  occur  fairly  early  occasionally  with 
extramedullary  disease  which  directly  or  indirectly  compresses  the  brain 
stem  (large  tumor  or  arachnoiditis).     In  my  experience,  with  external 
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pressure  the  sensory  disturbances  begin  to  ai)pear  first  in  the  sacral 
distribution,  and  then  ascend.  The  neck-chest  area  is  the  last  to  be 
affected ;  whereas,  in  intramedullary  disease,  the  neck  and  chest  area 
IS  the  first  to  be  affected  ;  and  the  sensory  disturbances  spread  upward 
and  downward.  In  one  case,  homolateral  sensory  disturbances  occurred, 
which  disaj^i^eared  at  once  on  removal  of  the  tumor.  The  head  is 
mainly  affected  on  the  side  of  the  lesion,  especially  for  pain  and 
temperature.  The  distribution  is  segmentary.  The  forehead  and  cornea 
lie  spinally  in  the  ventral  portion  of  the  cord.  Hence,  in  extra- 
medullary  lesion,  cornea  anesthesia  on  the  same  side  is  an  early  and  a 
constant  symptom.  The  rest  of  the  area  supplied  by  the  fifth  nerve 
may  be  normal,  and  yet  the  anesthesia  mav  occur,  especially  with  an 
accompanying  weakness  of  the  seventh  nerve. 

The  sensory  fibers  of  the  skin  of  the  face  dift'er  from  those  of  the 
mucous  membranes  of  the  cavities  o])ening  on  it;  not  infref|uently  in 
intramedullary  tumors  and  less  frequentlv  in  extramedtillary.  the  skin 
fibers  mav  be  affected  without  the  mticous  membrane  fibers,  and  vice 
versa. 

In  two  extramedullary  tumors,  one  a  flat  endothelioma,  the  other  a 
small  acoustic  growth  with  an  arachnoid  cyst,  segmentary  distriljtition 
of  the  sensory  loss  was  present,  although  segmentary  distribution  is 
said  to  be  indicative  of  intramedullary  disease.  Again.  I  shotild  like 
to  suggest  that  these  anomalotis  intramedtillary  signs  occurring  in 
extramedullary  growths  are  probably  due  to  secondary  distttrbances 
of  the  intramedullary  circulation   from  external  pressure. 

Deafness  from  intramedullary  pontine  growths  is  only  ])artial.  In 
mtramedfiUary  lesions,  the  maximum  loss  of  hearing  arises  when  the 
lesion  occurs  at  the  locality  where  the  acoustic  nerve  enters  the  pons. 
The  nature  of  such  deafness  is  that  bone  conduction  is  shortened,  and 
the  range  of  hearing  is  restricted,  without  marked  tinnitus.  Total 
deafness  with  tinnitus  is  common  in  extramedullarv  affections. 
When  the  deafness  is  partial,  its  nature  may  raise  the  suspicion  of  an 
intramedullary  affection ;  that  suspicion  may  be  strengthened  by  the 
absence  of  tinnitus,  and  it  may  be  made  a  certainty  by  the  absence  of 
caloric  change.  The  caloric  tests  sometimes  aid  us  even  before  deaf- 
ness is  apparent ;  for  a  negative  response  to  them  ma}'  be  a  first  sign 
of  an  extramedullary  implication  of  the  acoustic  nerve. 

I  have  been  able  to  confirm  Oppenheim's  observation  that  herpes 
zoster  in  extramedullar}^  pontine  tumors  is  due  to  pressure  on  the 
fifth  nerve  on  the  cerebral  side  of  the  gasserian  ganglion.  I  have 
noted  this  herpes  confinefl  to  mucous  membranes  of  the  mouth  as  well 
as  to  the  skin  of  the  check. 

The  sympathetic  disturbances  seen  in  extramedullary  tumors  are 
similar  to  those  obsen-ed  in  the  acute  stages  of  a  posterior  inferior 
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cerebellar  thrombosis.  The  weakness  of  the  face  sometimes  is  not  due 
to  a  motor,  but  to  a  jxistural  defect ;  to  a  sympathetic,  not  to  a  seventh 
nerve  implication. 

In  the  progress  of  the  growth,  all  the  signs  may  vary  widely;  but 
the  signs  referable  to  inijilication  of  the  eighth  nerve  remain  remarkably 
constant. 

These  few  observations  stand  out  in  my  mind,  buttressed  chiefly  by 
errors  made  or  happily  avoided  through  my  ignorance  or  kntnvledge 
of  them.  The  experience  of  each  of  you  in  dealing  with  the  recogni- 
tion and  ditTerentiation  of  brain  stem  tumors  has  probably  been  to 
some  extent  a  counterpart  of  my  own.  So  I  have  not  hesitated  to  act 
as  your  mouthpiece,  in  presenting  to  the  society  these  observations, 
which.  I  am  sure,  have  been  luade  by  most  of  you  who  have  had  the 
opportunities  granted  to  me  of  contact  with  a  considerable  number 
of  cases  of  tumor  of  the  pons. 

12.  Discussion  of  Drs.  Hassin  and  Singer's  paper:  'Tlistologic 
Studies  on  Carcinoma  of  the  Brain."  Original  paper  and  discussion 
appeared  August  issue  of  Nr urology.  A  Iso  for  Transactions  of  Ameri- 
can Neurological  Association. 

DISCUSSION 

Dr.  William  G.  Spiu.er.  Philadelphia:  I  am  still  of  the  opinion  that 
paralysis  of  lateral  associated  ocnlar  movements  with  preservation  of  con- 
vergence of  the  eyeballs  is  of  great  valne  in  the  differentiation  l)et\vecn  an 
intr'Imedullary  and  an  extramedullary  tnmor.  I  can  readily  nnderstand  how 
a  tumor  in  the  fourth  ventricle  by  pressure  on  the  posterior  longitudinal  bundle 
or  bundles  will  give  this  paralysis  of  associated  lateral  movement.  I  can  under- 
stand also  how  pressure  on  the  pons,  if  it  were  very  great,  might  interfere  with 
the  associated  movements  and  produce  a  partial  paralysis  of  them.  If,  for 
example,  the  eyeballs  are  so  affected  that  there  is  utter  inability  for  either  to 
turn  to  the  right  in  lateral  associated  movement.  l)ut  the  left  eyeljall  can 
turn  to  the  right  in  convergence.  I  believe  this  finding  is  strongly  suggestive  of 
intramedullary  lesion.  I  called  attention  to  the  importance  of  it  in  1903.  An 
excellent  presentation  of  a  case  in  my  service  with  this  finding  has  l)een  made 
recently  by  Walter  Freeman. 
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In  carcinoma  of  the  ])rain  the  parenchyma  of  the  invaded  portions 
appears  to  be  replaced  by  more  or  less  dense  masses  of  carcinoma  cells 
grouped  around  distended  blood  vessels,  or  it  may  remain  in  the  form 
of  islets  surrounded  by  strands  of  cancer  tissue.  Buchholz,^  Gallavardin 
and  \'aray  -  assert  that  the  brain  tissue  is  not  actually  destroyed  but 
is  merely  "pushed  aside"  by  the  tumor  mass  within  it  ("eingesprengt") 
without  provoking  reactive  phenomena.  They  say  the  glia  may  show 
proliferation  in  the  immediate  neighborhood  of  the  tumor,  but  the 
me-sodermic  tissues — blood  vessels  and  pia — show  no  reaction.  De 
Fano  "  also  emphasizes  the  absence  of  mesodermic  reaction  in  carcinoma 
produced  exj)erimentally  by  transplantation  in  the  brains  of  mice  and 
rats.  Only  in  animals  "partially  imjnune"  did  he  find  plasma  cells  or 
lymphocytes  and  "the  nerve  elements,  the  ganglion  cells,  undergoing 
atrophy."  "Lasting  proliferation  of  neuroglia  seems,"  he  says,  "to 
appear  only  under  certain  conditions." 

The  pia  is  variously  described  by  different  authors.  Siefert  *  says 
that  the  pia  is  more  or  less  involved  in  every  case,  either  directly  or 
through  propagation  along  the  lymph  spaces.  Girardi  ^  found  no  pial 
infiltration  and  Fischer '''  affirmed  its  absence  even  when  the  cancer 
came  in  direct  contact  with  the  membrane. 


*  From  the  Division  of  Neurology  of  the  College  of  Medicine  of  the  Uni- 
versity of  Illinois  and  the  Pathology  Laboratories  of  the  Illinois  State  Psy- 
chopathic Institute  and  Cook  County  Hospital. 

1.  Buchholz :  Casuistischer  Beitrag  zur  Kcnntnis  dcr  Carcinome  des  Cen- 
tralnervensystems,  Monatschr.  f.  Psychiat.  u.   Neurol.  4:183,  1898. 

2.  Gallavardin.  L.,  and  Varay :  Etude  sur  le  cancer  secondaire  du  cerveau, 
du  cervelet  et  de  la  moelle,  Rev.  de  med.  23:441-561,  1903. 

3.  DeFano,  C. :  Intracerebral  Transplantation  of  Malignant  New  Growths, 
Folia  Neuro-biol.  6:109.  1912. 

4.  Siefert,  E. :  Ueber  die  multiple  Carcinomatose  des  Centralncrvensystcms, 
Arch.  f.  Psychiat.  36:720,  1903. 

5.  Girardi,  P.:  L'ebcr  Karzinommetastascn  im  Kleinhirn.  Monatichr.  f. 
P.sychiat.  u.  Neurol.  31:184.  1912. 

6.  Fischer,  O. :  Zur  Kenntnis  des  multijjlen  mctastatischen  Carcinoms  des 
Zentralnervensystcms,   Jahrb.   f.   Psychiat.  25:125,    1904. 
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Equally  contradictory  are  the  opinions  as  to  tlie  mode  of  j^ropaga- 
tion  of  the  tumor  cells.  Siefert  *  believed  thai  the  tumor  masses  spread 
from  the  cortex  downward  into  the  depths  of  the  white  matter  along  the 
course  of  the  pial  prolongations.  He  concluded  that  propagation  is 
"toward  the  center" ;  that  is,  away  from  the  subarachnoid  space.  Yet 
in  a  spinal  cord  surrounded,  mufflike,  by  carcinoma  he  found  no  cancer 
cells  in  the  parenchyma  or  septums  of  the  cord.  Bastiaanse  '  is  more 
explicit.  In  a  "primary"  carcinoma  of  the  left  cerebellar  hemisphere, 
he  found  numerous  "metastases"  in  the  cortex  and  invasion  of  the  sub- 
arachnoid space.  He  therefore  concluded  that  the  carcinoma  cells  were 
carried  to  the  brain  from  the  subarachnoid  space  by  the  cerebrospnial 
fluid. 

Nowhere  have  we  found  any  description  of  the  condition  of  the 
choroid  plexus. 

Our  knowledge  of  the  histopathology  of  brain  tissue  when  invaded 
by  carcinoma  is  in  confusion,  the  few  contributions  on  the  subject  being 
contradictory.  The  reason  probably  lies  in  the  nature  of  the  material 
studied.  \\'hen  the  growth  is  far  advanced  the  changes  are  so  marked 
that  their  interpretation  is  almost  impossible.  Only  in  exceptionally 
favorable  instances  can  the  evolution  of  the  cancer  growth  and  the 
accompanying  phenomena  in  the  parenchyma,  glia  and  mesodermogenic 
tissues  be  followed. 

We  have  had  the  o})portunity  to  study  eight  cases  of  intracranial 
carcinoma,**  one  being  especially  instructive  because  the  metastatic 
nodules  were  young  and  not  broken  down,  hence  especially  suitable  for 
study  of  the  problems  mentioned.  It  has  been  used  as  the  basis  for 
this  work,  the  findings  being  compared  with  those  in  the  other  cases. 
From  these  studies  we  believe  it  possible  to  establish  certain  features 
as  common  to  all  cerebral  carcinomas. 

MACROSCOPIC     APPEARANCE    OF     THE     TUMORS 

The  tumors  ai)peared  as  foci  of  varying  size  scattered  irregularly 
through  the  gray  and  white  substance,  sometimes  transgressing  the 
pia.    They  were  well  defined,  loosely  attached  to  the  surrounding  tissues 

7.  Bastiaanse,  B. :  Primares  metastasierendes  Gehirncarcinom,  Ztschr.  f.  d. 
ges.  Neurol,  u.  Psychiat.  27:96,  1915. 

8.  Two  were  cases  of  carcinoma  of  the  meninges  and  six  of  the  bram 
proper.  One  of  the  former  has  already  1)een  reported  (Hassin,  G.  B. :  Histo- 
pathology of  Carcinoma  of  the  Cerebral  Meninges,  Arch.  Neurol  &  Psychiat. 
1:705  [Tune]  1919).  The  second  was  furnished  by  Dr.  William  Thalhimer  of 
Milwaukee.  We  are  indebted  to  Dr.  Peter  Bassoe  of  Chicago  for  the  oppor- 
tunity to  study  four  and  to  the  Cook  County  Hospital  for  two  carcinomas  in 
the  brain.  All  showed  metastases;  two  were  carcinomas  of  the  lungs,  two  of 
the  uterus,  one  of  the  pancreas,  one  of  the  breast,  one  of  the  intestine  and  one 
probably  of  the  prostate 
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and  extremely  soft.  The  smaller  foci  were  more  solid  and  suitable 
for  frozen  section.  In  one  case  there  was  a  single  metastatic  tumor 
involving  the  area  of  the  basal  ganglions,  extending  into  the  third 
ventricle,  corpus  callosum,  cortex  and  almost  reaching  but  not  invading 
the  pia.  Here  the  affected  areas  were  separated  from  the  noncancerous 
tissue  bv  a  well  marked  zone  of  demarcation  (  Fig.  1  ). 

MICROSCOPIC     EXAMINATION 

The    microscopic    appearance    of    the    invaded    area,    the    zone    of 
demarcation  and  the  cerebral  tissue  adjacent  to  and  remote  from  the 


Fig.  1. — Demarcation  zone  A, A, A,  dividing  the  brain  below  from  the  cancer 
foci  above ;  B,  bands  of  connective  tissue  enveloping  the  larger  focus ;  C,  a 
ganghon  cell  invaded  by  cancer  cells  (reproduced  under  higher  power  in  Figure 
3).     Thionin  ;   X  125. 

tumor  differed    from   one  another.      The   histoUjgy   of    the  carcinoma 
needs  no  description ;  we  shall  limit  attention  to  the  brain  tissues. 

The  Invaded  Area. — This  presented  an  arefjlar  appearance  with 
islands  of  cells  separated  by  bands  of  connective  tissue  (  Fig.  1  ).  These 
cells  were  for  the  most  i)art  ganglion  cells  in  varif)us  .stages  of  altera- 
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tion.  The  more  norma!  presented  a  >\voIlen,  deei)l\'  stained  cell  bocly 
with  visible  processes  and  <a  dislocated  nucleus,  rich  in  clinnnatin.  The 
majority,  however,  were  grossly  changed,  sometimes  to  such  an  extent 
as  to  be  unrecognizable  without  further  study.  As  a  rule,  the  cells 
were  large,  some  truly  gigantic  (Fig.  2),  larger  than  those  to  be  found 
in  any  other  central  nerve  lesion,  not  excepting  amaurotic  family 
idiocy.  They  were  round  or  irregular  in  shape,  usually  pale,  some 
darkly  stained,  homogeneous  or  finely  grrmular,  devoid  of  any  trace  of 
Nissl's  bodies,  and  the  processes  were  more  or  less  completely  obliterated. 


Fig.  2.^The  center  of  tlie  picture  i.,  occupied  b.v  a  ganglion  cell,  swollen  and 
packed  with  carcinoma  cells,  which  occupy  also  the  apical  dendron.  To  the  left 
are  two  smaller  ganglion  cells  also  invaded  with  cancer  cells;  at  G  a  ganglion 
cell  with  dislocated  nucleus.  The  elements  to  the  right  are  lymphocytes,  plasma 
cells,   gitter  cells  and   others   described   in   the  text.     Thionin ;    X  480. 


The  nucleus  was  swollen,  pale  and  eccentric,  the  chromatin  broken  up, 
but  the  membrane  and  nucleolus  almost  always  intact.  Sometimes  the 
of  the  nucleolus.  Many  of  the  ganglion  cells  were  vacuolated,  others 
nucleus  stained  so  faintlv  that  it  could  be  detected  onl\-  by  the  presence 


128 


G.     B.     HASS/X—n.     DOUGL.-iS     SIXGHR 


broken  up  or  unevenly  stained.  W'nh  the  Bielschowsky  silver  impreg- 
nation some  showed  a  reticulum  but,  as  a  rule,  the  neurofibrils  were 
absent. 

The  majority  of  the  ganglion  cells  showed  inclusions:  granules 
scattered  through  the  protoplasm,  vacuoles  containing  polymorpho- 
nuclear or  mononuclear  leukocytes  and — of  especial  interest — cancer 
cells.  In  some  instances  these  last  occupied  the  entire  ganglion  cell 
body,  including  the  processes  (Fig.  2)  ;  in  others  they  were  collected 
in  a  dense  cluster  in  the  center  or  in  a  crescentic  mass  at  the  periphery 
of  the  cell  (Fig.  3). 


Fig.  3. — Types  of  altered  ganglion  cells  in  the  invaded  area.  The  periphery 
o(  the  cell  in  the  center  contains  a  number  of  cancer  cells;  the  central  portion 
has  numerous  granules  (Abbaustoffe)  and  several  vacuoles  containing  lympho- 
cytes and  polymorphonuclear  cells  (use  hand  lens).  At  A,  there  is  another 
ganglion  of  smaller  size  filled  with  cancer  elements;  at  B,  a  dark  homogeneous 
cell  without  inclusions;  at  C,  a  new  formed  capillary;  at  D,  a  fibroblast;  the 
numerous  round,  pale  bodies  with  distinct  nucleoli  are  cancer  cells.  Thionin ; 
X  480. 

With  scarlet  red,  Marchi  and  lichtgriin-fuchsin  stains  minute  fat- 
granules  were  demonstrable  in  the  ganglion  cells  but  were  aljsent  from 
the  cancer  cell   bodies.      With   lichtgriin-fuchsin    many   ganglion   cells 
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showed  numerous  gratiules  or  droplets  of  fairly  large  size  which  stained 
various  colors  and  may  correspond  to  the  so-called  fuchsinojdiil 
(Fig.  4j,  lichtgriin  and  lipoid  granules  (Fig.  5). 

The  included  cancer  cells  stained  much  more  brilliantly  than  did  the 
ganglion  cells,  and  thus  gave  the  section  a  deeply  colored  appearance. 
In  places  the  greatly  swollen  ganglion  cells  were  pressed  so  closely 
together  as  to  form  giant  cells  containing  several  nuclei.  It  was  not 
always  easy  to  differentiate  between  the  nuclei  of  the  host  and  those 
of  the  included  cancer  cells. 


Fig.  4.  —  Ganglion  cell  in  the  center  packed  with  granules  ( fuchsinophil, 
lichtgriin  and  other  catabolic  products).  The  rest  are  swollen  and  greatly  lique- 
fied  ganglions.      Lichtgriin-fuchsin ;    Alzheimer   method   VI;    X  560. 


Some  of  the  most  damaged  ganglion  cells  appeared  structureless, 
colorless,  devoid  of  chromatin  and  often  without  inclusions  (Fig.  4) 
but  with  a  large  pale  nucleus,  free  from  chromatin  but  possessing  a 
membrane  and  visible  nucleolus.  Many  could  be  recognized  only  by  a 
careful  studv  of  the  numerous  transition  types.  So  manifold  were 
these  that  description  is  impossible.  Some  conception  of  the  shape, 
size  and  general  appearance  may  be  gained  from  Figs.  3,  4  and  5.     The 
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process  in  general  appeared  to  be  progressive  liquefaction  and  tumefac- 
tion with  neuronophag}',  the  invaders  being  cancer  cells,  lymphocytes 
and  polymorphonuclear  leukocytes,  the  first  being  by  far  the  most 
numerous. 

It  is  noteworthv  that  within  the  tumor  mass  there  was  no  glial 
proliferation.  Instead,  connective  tissue  fibers  enclosed  groups  of  nerve 
cells  or  even  single  cells.  In  the  latter  case  the  ganglion  cell  appeared 
to   be   invested    with   a   connective   tissue   membrane    (Fig.    5).      The 
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Fig.  5. — In  the  center  of  the  pliotomicrograph  is  a  large  swollen  ganglion 
cell  invested  with  a  connective  tissue  membrane.  It  contains  large  globules  of 
lipoids  and  four  vacuoles  in  which  cancer  cells  can  be  seen  with  a  hand  lens ; 
at  G  G  are  liquefied  ganglion  cells;  the  apical  dendron  of  the  upper  one  appears 
intensely  dark  and  contains  the  nucleus.  The  rest  of  the  picture  shows  numerous 
cancer  nuclei  within  greatly  changed  and  liquefied  ganglion  cells;  some  of  these 
ajjpear  entirely  colorless  and  empty.     Lichtgriin-f uchsin ;    X  480. 

ciinneclive  tissue  was  derived  from  the  blood  vessels  and  pial  pro- 
longations anrl  often  formed  broad  strands  which  ustially  were  entirely 
devoifl  of  carcinoma  cells  but  contained  many  ])lasma  cells,  lymj^hocytes, 
polyblasts,  pr)]ymorphonuclear  leukocytes,  fibroblasts  and  numerous 
gitter  cells  jjacked  with  li])oids   (Fig.  2).     Here  and  there  a  ganglion 
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cell  or  glia  cell  was  found.  The  former  were  shrunken,  homogeneous 
and  atro])hic  with  ohvious,  tortuous  processes  and  an  ohlong  nucleus, 
poor  in  chromatin.  The  glia  cells  were  less  frequent  and  occurred  with 
large  cytoplasmic  hodies  or  as  glia  nuclei  lodged  within  ganglion  cells. 

Zone  of  Dciinircation. — In  the  zone  of  demarcation,  hetween  the 
area  invaded  by  the  carcinoma  and  the  more  normal  appearing  brain 
tissues,  there  were  a  few  ganglion  cells  invaded  by  glia  nuclei,  and 
numerous  other  cells.     Among  these,  plasma  cells  w^ere  especially  prom- 


Fig.  6.— Transition  zone  occupying  the  entire  picture  except  a  small  sector  of 
cancer  tissue  at  A,  above.  It  shows  colloid  masses,  cytoplasmic  glia  (use  hand 
lens),  hyperemic  vessels  with  hyperplastic  adventitia  and  a  colloid  ring  around 
a  large  blood  vessel  at  the  bottom.  Bielschowsky  stain  counterstained  with 
Alzheimer-Mann ;  X  40. 

inent,  some  containing  two  typical  and  well  stained  nuclei ;  in  others 
the  nucleus  showed  only  remnants  of  chromatin.  Polyblasts.  shrunken 
polymorphonuclears  and  gitter  cells  were  also  nuiuerous.  In  the 
majority  of  our  cases  a  demarcation  zone  was  absent  and  replaced  by 
a  transition  zone  (Fig.  6).  Here  the  tissues  were  markedly  rarefied, 
vacuolated  and  appeared  as  a  so-called  glia  reticulum.     Glia  cells  were 
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prominent,  with  abimdant  cytoplasm,  homogeneous  and  j)ale  and  an 
eccentric  nucleus  rich  in  chromatin.  Blood  vessels  were  numerous,  the 
adventitial  spaces  distended  and  intiltrated  with  gitter  cells.  lymphocytes 
and  even  cancer  cells.  They  were  often  surrounded  by  a  ring  of  a 
colloid  substance  occupying  the  areas  assigned  to  the  spaces  of  His. 
Such  colloid  material  was  not  found  in  the  tumor  masses  proper,  the 
connective  tissue  stroma  nor  in  the  demarcation  zone.  It  was  common, 
however,  and  especially  well  developed  in  those  cases  in  which  no 
distinct  demarcation  zone  was  present.     It  appeared,  then,  in  the  form 


Fig.    7. — Microscopic   cancer    foci.      Small    bluod    vessels    invested    with    car- 
cinoma cells  and   surrounded  by  clear  spaces.     Alzheimer-Mann ;    X  70. 


of  islands  of  homogeneous,  jelly-like  material,  much  resembling 
ameboid  glia  (Fig.  6).  In  addition,  there  were  present  large  numbers 
of  amvloid  bodies.  Ganglion  cells  were  present  but  were  scanty  in  the 
transition  zone.  They  were  very  pale  ancl  showed  marked  chromatolysis. 
In  some  instances  the  transition  zone  was  not  pronounced  but.  with 
special  stains  (scarlet  red,  Alzheimer-Mann),  it  could  l)e  demonstrated 
as  a  narrow  space  filled  with  gitter  cells,  proliferatefl  glia  and,  in  some 
instances,  cancer  cells. 
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The  transition  zone  may  thus  he  regarded  as  an  area  in  process  of 
invasion  by  the  tumor  mass  spreading  by  direct  penetration,  the  tissues 
becoming  so  damaged  as  to  offer  Httle  resistance.  The  demarcation 
zone,  on  the  other  hand,  consisted  of  more  vigorous  elements  which 
afforded  some  protection  but  yet,  as  will  be  seen,  failed  to  save  the 
rest  of  the  brain  from  damage. 

Separated,  at  times  even  remotely,  from  the  main  tumor  mass  were 
numerous  microscopic  foci  of  cancer  cells    (Fig.  7).     Such  foci  con- 


Fig.  8. — An  area  outside  the  demarcation  zone.  The  glia  reticulum  is  marked  ; 
a  blood  vessel  in  the  center  shows  a  greatly  rarefied  brain  tissue  containing 
lymphocytes,  plasma  cells  and  gitter  cells  and  is  surrounded  by  a  ring  of 
syncytial  glia.     Bielschowsky  stain  counterstained  with  .Mzhcimer-Mann ;  X  170. 


sisted  of  a  small  blood  vessel,  infiltrated  or  occluded  by  large  tumor 
cells,  with  nuclei  very  rich  in  chromatin  and  provided  with  a  well 
developed  membrane.  Sometimes  the  cells  were  confined  to  the  Virchow- 
Robin  spaces,  but  often  they  had  broken  through  and,  by  proliferation, 
formed  a  larger  focus.  Then  no  trace  of  blood  vessel  could  be  detected, 
and  the  reactive  and  other  phenomena  approximated  those  of  the  main 
growth  already  described. 
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Regions  Remote  Even  from  Mieroseopie  Foei. — These  regions 
at  first  glance  appeared  normal.  Closer  study  revealed  universal 
pathologic  changes.  The  ganglion  cells  v.ere  often  swollen,  with 
chromatolysis.  eccentric  nucleus,  neuronophagia  and  fat  infiltration.  The 
glia  cells  were  hypertrophied  ("cytoplasmic")  or  proliferated  in  the 
form  of  "rosettes."  The  vessels  were  dilated,  and  there  were  many 
new  formed  capillaries.  Some  vessels  were  surrounded  by  a  ring  of 
syncytial  cytoplasmic  glial  cells  (Fig.  8).  Masses  of  pigment  granules 
were  contained  within  the  proliferated  ad^"entitial  and  endothelial  cells. 


Fig.  9. — Necrotic  areas  with  islands  of  carcinoma.  The  small  area  .1  shows 
a  colorless  center,  devoid  of  vessels,  surrounded  by  a  zone  containing  a  few 
degenerated  cancer  cells  and  an  outer  dense  ring  of  well  preserved  cancer  cells. 
Toluidin  blue  ;  X  36. 


The  nerve  fibers  in  places  appeared  swollen  and  spindle-shaped  but  not 
fragmented.  In  short,  there  was  a  generalized  condition  of  toxic 
encephalitis. 

Of  the  foregoing  changes  those  most  constant  were :  general  toxic 
encephalitis,  the  colloid  masses  and  the  processes  in  the  transition  zone. 
In  most  of  the  cases  the  demarcation  zone,  as  stated,  was  absent,  and 
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invasion  of  the  ganglions  l)y  cancer  cells  was  not  observed.  In  these 
cases  the  tnmor  masses  often  presented  large  areas  of  central  necrosis 
(Fig.  9)  in  which  no  cells  could  he  detected.  Surrounding  such  areas 
there  were  scattered,  shrunken  and  poorly  stained  carcinoma  cells 
(intermediate  zone)  and  next  to  these  again  a  larger  zone  of  more  or 
less  well  preserved  cancer  tissue,  richly  supplied  with  blood  vessels. 
For  the  most  part  blood  vessels  were  lacking  in  the  central  and  inter- 
mediate zones;  if  present,  they  were  dilated  and  enormously  infiltrated 


Fig.  10. — Pia-arachnoid — distended,  the  subarachnoid  space  packed  wi'h  cell 
bodies.  A,A,A,  foci  of  carcinoma  separated  from  the  proliferated  pia  (.C,C) 
by  an  empty  space  which  should  be  compared  with  the  well  formed  pial  cover- 
ing of  the  brain   at   B,D,D — hyperplastic   arachnoid.     Van   Gieson  ;    X  60. 


with   well   formed  cancer  cells.     Such   infiltrated   vessels  stood   out  as 
beautifully  stained  islands  in  a  colorless,  necrotic  mass   (Fig.  9). 

TJic  Pia-Aniclnioid  and  Choroid  Plexus. — Whatever  the  type  and 
extent  of  parenchymatous  destruction,  changes  were  constantly  present 
in  the  pia-arachnoid  and  the  choroid  plexus.  The  pial  changes  were 
most  marked  when  the  tumor  almost  reached  the  membrane.     The  pia- 
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arachnoid  then  appeared  as  a  mass  of  cancer  tissue.  Distant  from  the 
tumor,  the  membrane  showed  distended  meshes  with  unusually  promi- 
nent and  numerous  collagen  fibers,  the  vessels  were  dilated  and 
hyperemic.  some  new-formed  with  proliferating  adventitial  and  endo- 
thelial cells  and  many  fat  globules.  Often  the  meshes  were  scantily 
lined  with  cellular  elements ;  in  others  these  were  present  in  large 
numbers  (Fig.  10).  Mesothelial  cells  predominated  but  fibroblasts, 
lymphocytes,  polyblasts  and  many  gitter  cells  packed  with  lipoids  were 
present.      In    addition,    cells    of    distinctly    epithelial    character,    much 


Fig.  11. — Choroid  i)le.xus  invaded  by  carcinoma.  .I.A,  epithelial  tuft  cells; 
B,B,  tufts  of  the  plexus,  much  resembling  the  villi  of  the  arachnoid;  the  mass 
below  is  a  carcinoma  focus.     Van  Gieson ;   X  80. 


resembling  carcinoma  cells,  were  frequent.  In  advanced  cases  the 
arachnoid  usually  appeared  hyperplastic  (Fig.  10)  and  formed  a  dense 
connective  tissue  strand.  The  appearance  in  these  membranes  varied 
in  different  regions  and  cases  but  careful  study  always  revealed 
pathologic  changes. 

In  the  choroid  plexus  the  connective  tissue  stroma  was  ustially  pro- 
liferated   and    formed    a    homogeneous,    hyperplastic    strand,    in    some 
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instances  enormous.  In  one  case  it  was  invaded  with  foci  of  cancer 
cells  (Fig.  11).  In  this  case  the  tumor  formed  a  protrusion  of  the 
brain  substance  into  one  lateral  ventricle,  comj)ressing  and  almost 
invading  the  plexus.  It  is  noteworthy  that  cancer  cells  were  also  found 
in  the  choroid  plexus  of  the  opposite  lateral  ventricle.  In  no  other 
case  were  foci  of  cancer  cells  found  ;  there  were,  however,  somewhat 
indefinite  mononuclear  cells  in  the  spaces  between  the  blood  vessels  and 
the  tuft  cell  covering. 

The  tuft  cells  sometimes  formed  several  layers,  were  distinctly 
granular,  large  in  size  and  brightly  stained.  The  nuclei  were  rich  in 
chromatin  and  located  centrally  or  at  the  base  of  the  cell.  In  the 
majority  of  the  cells  there  existed  a  distinct  vacuole  of  varying  size 
which  enclosed  some  amorphous  substance.  The  blood  vessels  were 
hyperemic  with  hyperplastic  walls,  proliferated  adventitial  and  hyper- 
trophied  endothelial  cells.  Colloid  material,  found  so  abundantly  in  the 
brain  substance,  was  not  observed  here,  and  there  was  no  thrombosis 
or  hyaline  degeneration.  Calcareous  bodies  or  psammomas  were 
numerous  in  some  cases. 

SUMM.\R>'      AND     DISCUSSION 

1.  In  the  invaded  areas  there  were  macrosco|)ic  and  microscopic  foci 
of  carcinoma  cells  which  in  some  cases  invaded  the  ganglion  cells.  Glial 
or  mesodermogenic  reaction  was  absent. 

2.  There  was  a  gradual  propagation  of  the  growth  with  formation 
of  a  transition,  and  more  rarely  a  demarcation,  zone  with  marked  reac- 
tion phenomena. 

3.  Proliferation  of  connective  tissue  in  the  form  of  bands,  derived 
from  the  jjial  intracerebral  prolongations  and  blood  vessels,  outside 
the  foci. 

4.  Toxic  encephalitis  throughout  the  brain. 

5.  Accumulation  of  catabolic  substances  (AbbaustoiTe),  especially 
colloid  masses,  around  the  vessels  and  in  the  tissues. 

6.  Changes  in  the  vessels,  pia  and  choroid  plexus. 

The  changes  enumerated  in  the  foregoing — a  combination  of  focal 
(tumor  masses)  and  diffuse  (encephalitic)  lesions — were  present  in  all 
our  cases  of  cerebral  carcinoma  but  were  lacking  in  the  meningeal 
neoplasms.  In  the  latter,  the  brain  substance  ])roper  was  free  from 
carcinoma  cells.  This  is  in  accord  with  Pachantoni  "  who  asserts  that 
in  the  "majority"  of  cases  of  meningeal  carcinoma  (with  the  exception 
of  the  case  of  Saxer)  the  brain  was  not  involved.     In  one  of  our  cases 


9.  Pachantoni,    D. :     Ueber    diffuse    Carcinomatose    der    weichen    Hirnhaute, 
Arch.  f.  Psychiat.  49:396,   1912. 
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the  most  superficial  strata  were  invaded.  But  in  this  case  the  meningeal 
infihration  was  enormous,  and  the  cells  were  probably  spread  by  sheer 
pressure  from  the  subarachnoid  s])ace  into  the  adventitial  spaces  of  the 
neighboring  vessels.  The  deeper  strata  were  entirely  free  from  invading 
elements,  and  neither  they  nor  remote  areas  of  the  brain  showed  signs 
of  encephalitis  or  any  other  change.  There  is  thus  an  essential  difference 
between  the  cerebral  and  meningeal  growths.  This  difference  is  most 
])robablv  due  to  the  direction  of  flow  of  the  cerebrospinal  fluid.  The 
experimental  work  of  Weed  "'  and  some  facts  of  histopathology  ^^ 
demonstrate  that  the  spinal  fluid  flows  from  the  brain  toward  the  sub- 
arachnoid space  and  possibly  also  toward  the  ventricles.  This  current 
carries  with  it  the  waste  products  of  the  brain,  be  these  blood  pigment 
from  a  hemorrhage,  tubercles,  fat  substances  or,  as  in  the  present 
instances,  carcinoma  cells  and  the  products  of  their  decomposition. 
These  waste  products  are  found  in  the  subarachnoid  space  and  there 
provoke  reactive  ])henomena,  mainly  manifested  bv  proliferation  of 
mesothelial  cells.  The  direction  of  flow  of  these  tissue  fluids  will  also 
explain  the  freedom  of  the  brain  tissue  in  carcinoma  of  the  meninges. 
Unless  the  subarachnoid  space  is  so  packed  with  tumor  cells  that  the 
pressure  forces  them  into  the  adventitial  spaces,  there  is  complete 
immunity  on  the  part  of  the  brain,  and  where  this  condition  does  obtain 
only  the  most  superficial  layers  are  invaded. 

Once  within  the  brain  tissues,  the  carcinoma  cells  give  rise  to  reac- 
tive phenomena.  These  are  evidenced  mainly  by  connective  tissue 
proliferation  around  or  within  the  tumor  mass.  A  demarcation  zone 
may  thus  be  formed  and  serve  to  limit  the  further  extension  of  the 
growth.  In  the  absence  of  such  a  zone,  the  surrounding  tissues  show 
changes  indicative  of  gradual  destruction  l)efore  becoming  invaded  by 
and  transformed  into  a  mass  of  carcinoma  cells.  The  further  from  the 
tumor,  the  less  evidenced  are  these  changes :  rarefaction  of  the 
parenchyma  with  formation  of  a  glia  reticulum.  hy])eremia,  deposits  of 
colloid  substances.  lij)oids  and  amyloid  bodies.  The  further  spread  of 
the  tumor  inay  be  limited  by  the  development  of  a  demarcation  zone  or 
be  continued  progressively  by  the  formation  of  fresh  transition  zones. 


10.  Weed,  L.  It.:  I.  Studies  on  Cerclirospinal  Fluid.  11.  The  Theories  of 
Drainage  of  Cerel^rospinal  Fluid  with  an  Analysis  of  the  Methods  of  Investi- 
gation. J.  Med.  Res.  26:21,  1914-1915.  III.  The  Pathways  of  Escape  from  the 
Suharachnoid  Spaces  with  Particular  Reference  to  the  Arachnoid  \'illi,  il>id., 
51,  1914-1915.  IV.  The  Dual  Source  of  the  Cerel)rospinal  Fluid,  ibid.,  93. 
1914-1915.  The  Anatomical  Consideration  on  Cerel)ros])inal  I-'Iuid,  .'\nat.  Rec. 
12:461.  1917-1918. 

11.  Hassin,  G.  B. :  Histo|)atholo<;y  of  Carcinoma  of  the  Ccrclirai  Meninges, 
Arch.  Neurol.  &  P.sychiat.  1:705  (June)  1919.  Histopathology  of  P.rain  Ahscess 
with  Remarks  on  Intraspinal  Thcrai)y.  ibid.  3:616  (June)   1920. 
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Even  when  a  well  marked  demarcation  zone  is  established,  the  car- 
cinoma cells  spreading  along  the  perivascular  spaces  may  lead  to  the 
formation  of  fresh  miliary  foci  in  regions  more  or  less  remote  from  the 
original  focus  and  may  even  reach  the  pia-arachnoid.  A  cerebral  car- 
cinoma is  thus  propagated  not  only  by  direct  continuity  through  the 
progressive  infiltration  of  adjacent  areas  but  also  by  way  of  metastases 
carried  along  the  adventitial  spaces  of  Virchow-Robin. 

In  addition  to  these  two  agencies — infiltration  and  metastasis — 
cerebral  carcinoma  also  damages  the  brain  tissues  by  chemical  or  toxic 
action.  This  is  evidenced  by  the  dififuse  encephalitis.  The  toxic  mani- 
festations are  especially  marked  in  the  foci  themselves  where  the 
ganglion  cells  appear  liquefied  and  invaded  by  cancer  cells.  Such  cell 
invasion  was  not  constant,  being  absent  in  the  majority  of  our  cases. 
It  has  not  been  mentioned  in  the  literature.  Fischer  "  alone  described 
something  resembling  it  in  the  envelopment  of  the  bodies  and  processes 
of  the  ganglion  cells  by  cancer  cells.  They  filled  up  what  he  thinks 
are  the  pericellular  spaces  but  did  not  invade  the  cells  themselves. 

In  the  majority  of  our  cases  no  ganglion  cells  were  found  in  the 
foci,  which  appeared  necrotic  or  contained  areas  of  so-called  degen- 
erative softening.  Both  the  necrosis  and  softening  are  final  stages  in 
the  parenchymal  destruction.  Their  occurrence  depends  not  only  on 
the  age  of  the  focus  but  also  on  the  virulence  of  the  toxins  elaborated 
by  the  tumor  cells,  deficient  blood  supply  and  purely  mechanical  factors 
(accumulation  of  vast  numbers  of  cells).  Of  these  factors — toxic, 
mechanical,  trophic — the  first  is  certainly  the  most  important.  In  all 
probability  it  is  responsible  for  many  nervous  and  mental  symptoms 
presented  bv  patients  with  brain  carcinoma  which  cannot  be  accounted 
for  by  focal  lesions. 

CONCLUSIONS 

1.  The  brain  lesions  caused  by  carcinomatous  growth  are  both  focal 
and  diffuse. 

2.  The  focal  lesions  are  due  to  direct  invasion  by  carcinoma  cells. 
The  dift'use  lesions  are  of  the  type  of  a  toxic  (noninfiltrative) 
encephalitis. 

3.  Reactive  phenomena  are  mainly  of  connective  tissue  and  may 
result  in  the  formation  of  a  demarcation  zone. 

4.  In  the  absence  of  a  demarcation  zone  a  transition  zone  is  con- 
stant and  indicates  destruction  of  the  adjacent  i)arenchyma  prior  to 
invasion  by  carcinoma  cells. 

5.  Propagation  of  the  tumor  takes  place  by  infiltration  and  along 
perivascular  spaces. 

6.  Reactive  i)henomena  occur  in  the  pia-arachnoid  and  in  the  choroid 
plexus. 
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DISCUSSION 

Dr.  Adolf  Meyer.  Baltimore :  These  pictures  of  invasion  of  an  area  out- 
side of  the  demarcation  zone  appear  to  me  to  be  a  demonstration  of  the  chance 
for  immigration  into  those  regions,  even  if  there  is  not  the  preformed  space. 
In  the  examination  of  kindred  specimens,  I  feel  that  the  diffuse  neighborhood 
invasions  are  relatively  rare,  when  one  deals  with  a  large  focal  metastasis.  It 
is  evidently  rather  the  unusual  case  that  shows  that  biologic  injection  process. 

With  regard  to  the  conception  of  an  encephalitis,  I  ain  not  quite  as  sympa- 
thetically disposed.  I  think  it  is  extremely  difficult  to  differentiate  simple 
degenerative  processes  from  anything  which  would  be  a  toxic  process  of  a 
more  inflammatory  character.  It  is  difficult  to  know  what  circulatory  or  pres- 
sure disturbance  may  have  been  at  the  bottom  of  some  of  those  neighborhood 
reactions.  They  are  practically  the  same  in  all  conditions  which  are  space 
consuming,  and  that  makes  me  rather  suspicious  of  its  being  essentially  a 
degenerative  pressure  effect  and  not  so  certainly  a  toxic  effect. 

Dr.  H.\ssix,  in  closing:  When  I  designated  the  changes  in  the  cerebral  tis- 
sues not  invaded  by  the  carcinoma  toxic  encephalitis.  Dr.  Singer  strongly 
objected.  He  ofifered  to  call  the  condition  degenerative  encephalitis;  but  the 
latter  term  is  as  improper  and  misleading  as  that  of  degenerative  myelitis, 
and  therefore  I  retained  the  name  "toxic." 

The  invasion  of  the  so-called  pericellular  spaces  by  cancer  cell  bodies  has 
been  described  by  only  one  author,  Oscar  Fischer,  of  Prague.  In  1904,  he 
published  a  case  of  cerebral  carcinoma  in  which  the  cancer  cells  were  crowd- 
ing the  dilated  spaces  around  the  ganglion  cells.  Such  spaces,  however,  are 
most  likely  artefacts. 
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METHODS     OF     INVESTIGATION 

The  problem  in  this  investigation  was  to  determine  whether  any 
changes  due  to  antisyphilitic  treatment  can  be  observed  by  histologic 
methods.     Clinical  studies  have  given  rise  to  considerable  divergence 
of  opinion  as  to  the  results  of  antisyphilitic  treatment  in  patients  with 
general  paresis.     On  the  one  hand  there  is  a  group  of  clinicians  who 
have  reported  what  to  them  have  seemed  satisfactory  results  in  the 
treatment  of  paretic  patients.     In  contrast  there  is  probably  an  equally 
large  group  of  clinicians  who  feel  that  the  results  obtained  are  insig- 
nificant, and  there  are  even  some  who  believe  that  the  patient  is  made 
worse   by    the    administration    of    antisyphilitic    drugs.      On    theoretic 
grounds,  likewise,  there   are   two   antipathic  points   of    view.      It   has 
been  pointed  out  by  Spielmeyer,^  for  example,  that  most  of  the  patho- 
logic changes  which  occur  in  paresis  are  capable  of  being  influenced 
from  without  or  by  extraneous  measures.     Thus,  theoretically,  menin- 
gitis and  perivascular  infiltration  can  be  reduced,  the  spirochetes  killed, 
and  with  the  cessation  of  toxin  formation,  degenerative  changes  may 
be  halted ;   following  this,  clearing  up  of  the  cellular  debris,  and  an 
improvement  in  the  pathologic  picture  may  result.    A  contrary  theoreti- 
cal attitude  championed  by  Noguchi  and   Moore  points  out  that  the 
spirochetes   are   probably   in   the   deep   tissue   of   the   cortex   at   some 
distance  from  the  vascular  supply,  that  antisyphilitic  drugs  are  on  the 

♦From    the    Neuropathological    Lal)oratory    of    the    Boston    Psychopathic 

Hospital. 

*This  study  was  greatly  aided  hy  funds  granted  by  the  United  States  Inter- 
departmental  Social  Hygiene  Board. 

1.  .Spielmeyer:  Paralyse;  Tabes;  Schlafkrankheit.  Ergebn.  d.  Neurol,  u. 
Psychiat.  1:217,  1911. 
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whole  prevented  by  a  filtering  process  from  reaching  the  central  nervous 
system,  and  that  they  do  not  penetrate  to  spirochetes  in  the  deeper 
situations  and  therefore  do  not  accomplish  any  noteworthy  therapeutic 
effect.  There  is,  therefore,  no  agreement,  either  as  to  the  facts  or  the 
theory,  concerning  the  value  or  the  possibilities  of  antisyphilitic  treat- 
ment in  cases  of  general  paresis. 


•,  •:-^-,.r;.  ;■  v.. •■■■;>;■• 


:.N~  ^ 


V    •    J  ,         >      '  ••    ^'      ;    •     ■  .  .' ,       ;-  •%  -■■■      i'*' 


Fig.    1. — Celhilar   nodules    in    outer    layer   of   the   arachnoid;    also    pial    edema. 

In  order  to  determine  whether  there  was  any  evidence  of  change 
in  the  histologic  structure  resulting  from  treatment  in  cases  of  general 
paresis,  a  series  of  brains  from  ])arctic  patients  who  had  received  treat- 
nient  were  studied  in  comparison  with  a  grouj)  of  brains  from  untreated 
paretic  patients.     ^I'he  material  selected  consisted  of  brains  of  patients. 
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diagnosed  as  having  general  paresis,  who  died  in  one  of  the  Massa- 
chusetts state  hosi)itals.  It  is  necessary  to  mention  that  the  treated 
patients  in  this  series  did  poorly  from  a  cHnical  point  of  view,  that  is, 
they  succumbed  to  the  disease.  Consequently,  any  changes  which  occur 
in  these  cases  as  a  probable  result  of  treatment  may  be  expected  to 
occur  in  an  e\en  greater  degree  in  cases  in  which  the  clinical  course 
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Fig.   2. — Pial    edcina ;    also    characlcristic    l\pc    of    cell    infiltration,    confined 
mainly  to  the  pial  membrane. 

is  more  favorably  influenced  by  therapy.  Blocks  of  tissue  from  brains 
hardened  in  liquor  formaldehydi  were  taken  from  the  following  areas 
of  the  cortex  of  both  hemispheres  of  the  brain :  upper  precentral  lobe, 
upper  postcentral  lobe,  tip  of  the  temporal  lobe,  posterior  two  thirds  of 
the  first  temporal  gyrus,  angular  gyrus,  calcarine  cortex,  cornu  ammonis. 
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base  of  the  second  frontal  lobe,  prefrontal  lobe,  Broca's  area  and  areas 
of  special  interest.  Paraffin  was  used  chiefly  in  eml)edding,  although 
celloidin  and  freezing  methods  were  used  when  special  stains  required 
such  methods.     The  stains  employed  were :   cresyl  echt  violett  to  show 
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I'ig.    3. — Section    from    ct-ntral    ortex;    no    pcriva.sciilar    infiltration. 

cell  changes  and  cellular  intiliration;  Mallory's  phosphotungstic  acid 
hematoxylin  for  study  of  meningeal,  vascular,  and  glial  changes ; 
Weigert's  myelin  sheath  stain  for  nerve  fiber  study  ;  cither  Marchi  or 
sharlach  R  to  demonstrate  the  presence  of  fat.     Bielschowsky's  stain 
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for  nerve  fibrils  was  used  on  a  few  sections,  but  the  findings  did  not 
seem  of  sufficient  value  to  continue  this  method  at  length. 

The  cases  studied  were  divided  into  two  series :  ( 1 )  twenty-seven 
patients  with  general  paresis  who  had  received  antisyphilitic  treatment 
in  an  attempt  to  modify  the  paretic  process,  and  (2)  fifteen  patients 
with  general  paresis  who  had  received  no  antisyphilitic  treatment  after 
the  onset  of  psychotic  symptoms.  An  attempt  was  made  to  study  and 
chart  in  a  scale  the  degree  of  intensity  of  the  pathologic  changes  with 
reference  to  pial  edema,  pial  infiltration,  marginal  gliosis,  ameboid  glial 
reactions,  reaction  of  the  glial  cells  with  round  nuclei,  rod  cell  reaction, 
nerve  cell  changes,  increased  vascularity,  vascular  thickening,  endar- 
teritis, perivascular  infiltration  of  lymphocytes  and  plasma  cells, 
perivascular  gummas  and  external  hemmorrhagic  pachymeningitis. 

HISTOLOGIC     STRUCTURE 

In  general,  the  histologic  findings  agree  with  those  described  by 
Nissl  ^  and  Alzheimer  ^  as  characteristic  of  general  paresis.  An  internal 
hemmorrhagic  pachymeningitis  of  long  standing  existed  in  four  of  the 
forty-two  cases.  This  proportion  is  relatively  small  as  compared  with 
the  frequency  described  by  Wernicke,*  Kraepelin,^  and  Bleuler.*^  Ziehen 
found  it  present  in  nearly  one  half  of  his  cases. 

The  pia  mater  is  almost  always  involved.  Edema  was  present  in 
some  degree  in  every  case.  According  to  Alzheimer,  no  case  of  general 
paresis  exists  without  pial  changes.  In  this  material  the  meningeal 
cellular  infiltrate  seemed  to  be  confined  mainly  to  the  pial  layer  of  the 
meninges,  particularly  in  the  vicinity  of  the  blood  vessels  (Figs.  1 
and  2). 

The  question  of  nerve  cell  changes  seems  well  expressed  by  Nissl 
when  he  says  that  considering  the  prompt  reaction  of  nerve  cells  to 
all  possible  injurious  agencies,  one  cannot  wonder  at  the  variety  of 
nerve  cell  changes  and  the  importance  of  diflferentiating  those  found 
in  general  paresis  from  those  in  other  diseases.  Death  in  general 
paresis  seldom  occurs  without  some  complicating  terminal  infection 
such  as  pneumonia,  decubitis,  etc.  More  than  one  half  of  the  patients 
of  this  series  died  of  acute  terminal  infections.  This  would  seem  to 
interfere  with  any  possible  conclusions  concerning  the  cellular  reaction 
in  treated  and  untreated  patients,  especially  with  regard  to  the  presence 


2.  Nissl :     Zur    Histopathologic    der    paralytischen    Rinderkrankung,     Nissl 
histologische  und  histopathologische  Arbeiten  1:315,  1904. 

3.  Alzheimer:     Histologische  Studien  zur  Differentialdiagnose  der  progres- 
siven  Paralyse,  Nissl  histologische  und  histopathologische  Arbeiten   1:18,   1904. 

4.  Wernicke  :     Grundriss  der  Psychiatrie,  Ed.  2.  Leipzig,  Thieme,   1906. 

5.  Kraepelin  :     Lehrbuch   der  Psychiatrie,  Leipzig,   Barth,   1910. 

6.  Bleuler :    Lehrbuch  der  Psychiatrie,  Ed.  2.   Berlin,  Springer,   1918. 
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of  fat  in  the  cells  of  the  cortex.  For  this  reason,  as  well  as  for  the  fact 
that  it  is  quite  difficult  to  estimate  the  extent  or  degree  of  cell  loss  of 
one  case  in  comparison  to  another,  no  conclusions  concerning  cell 
changes  are  attempted.  Bielschowsky's  stain  for  nerve  fihrils  shows  no 
specific  changes  of  significance.  This  has  also  been  shown  by 
Spielmeyer. 
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l'"ig.  4. — IVoiii    same    case    as    Fig.    3.      Temporal    lube.      Xote    characteristic 
sheath  infiltration  of  capillaries  and  arterioles. 

The  neuroglia  is  ajjparently  always  increased  in  general  paresis. 
This,  of  course,  is  a  general  statement.  In  ilie  cases  of  this  sei-ies  there 
was  some  increase  in  the  marginal  glia  fibers  with  the  usual  focal 
increase  of  astrocytes  in  the  outer  cortical  layer,  and   frequently  long 
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fibers  extended  from  the  margin  well  down  into  the  cell  layers.  This 
last  was  never  more  than  moderate  in  degree. 

Satellite  cells  were  foimd  in  smaller  proportion  than  is  often  seen 
in  conditions  other  than  paresis,  .\meboid  glia  cells  were  found  fre- 
.'juently  in  varying  ntnnbers.  They  were  most  numerous  in  the  presence 
of  frank  tissue  degeneration ;  otherwise,  their  variation  seemed  to 
depend  on  the  presence  or  absence  of  acute  infective  processes.  This 
was  not  constant,  however,  as  they  were  found  in  cases  without  a 
history  of  terminal  infection.  The  ameboid  glia  was  limited  almost 
exclusively  to  the  white  substance  except  when  in  relation  to  an  area 
of  degeneration,  in  which  case  it  usually  was  accom])anied  by  an  increase 
in  rod  cells  of  various  forms  and  small  round  glia  cells.  It  is  often 
noticeable  that  the  white  substance  may  contain  enormous  numbers  of 
all  these  types  of  cells  while  the  cortical  portion  is  almost  free  from 
them.     The  reverse  condition  did  not  appear. 

Vascular  changes  are  tisually  emphasized  in  descriptions  of  paresis. 
Mott  has  said  that  the  endarterium  is  affected  in  all  cases.  Alzheimer 
speaks  of  endothelial  swelling.  Ziehen  rarely  finds  them  present. 
Bleuler  mentions  atheroma  ;  Kraepelin  also  found  endothelial  thicken- 
ing. In  this  series  the  most  frequent  change  was  a  general  thickening 
of  the  media,  often  fibrous,  with  no  demonstrable  changes  in  the  intima. 
This  was  true  of  vessels  of  all  sizes,  and  the  increase  of  the  thickness 
of  capillary  walls  was  noticeable.  Capillary  hyperplasia  was  relatively 
infrequent  and  only  of  moderate  degree.  Xo  significant  differences  in 
the  vessels  were  noted  in  treated  and  untreated  patients. 

In  the  changes  mentioned  there  is  nothing  diagnostic  of  general 
paresis  although  these  changes  are  never  lacking  in  this  condition.  The 
determining  factor,  histologically,  is  the  presence  of  perivascular  infil- 
tration of  plasma  cells,  the  latter  usually  accompanied  by  lymphocytes. 
The  manner  in  which  the  plasma  cells  surround  the  vessels  is  w^orthy 
of  note  in  that  it  is  a  true  adventitial  infiltration,  resulting  in  the  forma- 
tion of  a  sheath  about  the  muscular  portion  of  the  vessel  wall  rather 
than  merely  in  a  collecting  of  plasma  cells  in  the  perivascular  space. 
According  to  Nissl,  both  the  lymphocytic  and  plasma  cells  are  hematog- 
enous, and  he  considers  the  plasma  cell  a  transition  form  of  the 
l\'m|)hocyte. 

Because  of  the  diagnostic  value  of  the  plasma  cell  infiltration  in 
general  paresis,  much  thought  has  been  given  to  the  possible  significance 
of  both  plasma  cells  and  lymphocytes  in  this  disease.  Alzheimer,  in  his 
1912  "Paralysereferat,"  has  insisted  on  the  importance  of  the  plasma 
cell  in  the  histologic  diagnosis  of  paresis ;  when  plasma  cells  are  diff'usely 
present  the  diagnosis  of  paresis  is  probable,  while  in  their  absence  this 
diagnosis  can  hardly  l)e  made.     Both  plasma  cells  and  lyni])liocytes  are 
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inflammatory  cells,  but  whether  they  precede,  follow  or  occur  simul- 
taneously with  the  parenchymal  changes  has  never  been  determined. 
If  the  occurrence  of  infiltrating  cells  is  a  direct  response  to  the  toxin 
formation  of  those  spirochetes  which  lie  in  close  relation  to  the  blood 
vessels,  the  eftect  of  antisyphilitic  treatment  may  be  different  than  if 
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Fig.   5. — Capillaries    (A)    with    plasma   cells   closely   a])pli((l   u<   their    walls. 
(Untreated  case.) 

these  perivascular  cells  ari.se  in  response  to  the  irritation  caused  by  the 
destruction  of  parenchymatous  tissue;  for  if  the  latter  assumption  is 
correct,  the  perivascular  reaction  may  continue  even  after  most  of  the 
organisms  lying  in  close  proximity  to  the  vessels  have  been  destroyed. 
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owing  to  the  continued  destructive  action  on  the  parenchyma  of  a  few 
spirochetes  situated  more  deeply.  At  all  events,  the  presence  of  plasma 
cells  is  known  to  be  an  evidence  of  chronicity.  and  must  be  considered 
to  have  this  significance  in  paresis. 


Fie.   6. — Same   as    Figure    5 ;    untreated    case. 


Gruner  '  discusses  plasma  cells  at  length  and  calls  them  "irritation" 
cells — a  functional  state  of  any  lymphoid  cell — and  says  that  they  revert 
to  the  lymphoid  state  after  the  stimulus  of  irritation  has  ceased. 


Gruner:    Biology  of  Blood  Cells.  Xew  York.  William  Wood  &  Co.,  1914. 
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Xageli's  *  idea  of  plasma  cells  agrees  in  the  main  with  the  foregoing. 
He  says  that  they  are  present  in  infections  and  irritations.  They  are 
found  in  connection  with  lymphocytosis  but  never  in  leukcocytosis  of 
marrow  origin.  Nageli  considers  lymphocytes  as  lipoid  antigens,  finding 
them  increased  in  post-toxic  states  and  various  other  conditions.  Gruner 
feels  that  little  is  known  of  the  function  of  the  lymphocyte  but  agrees 
that  any  infection  of  lipoid  character  attracts  them. 

There  seems  to  be  no  fixed  rule  governing  the  area  in  which  the 
greatest  degree  of  perivascular  change  may  be  foimd,  but  the  findings 
in  our  series  seemed  to  be  most  extreme  the  nearer  one  approached  the 
base  of  the  brain.  This  is  especially  well  illustrated  by  one  case  in 
which  the  sections  from  the  convexity  were  of  such  normal  appearance 
as  to  suggest  that  the  diagnosis  of  paresis  was  not  possible.  Those  near 
the  base,  however,  presented  a  perivascular  plasmacytosis  of  marked 
degree  (Figs.  3  and  4). 

From  what  has  been  said  it  becomes  evident  that  in  making  any 
comparative  studies  it  is  necessary  to  have  sections  from  many  areas 
of  the  cortex ;  this  was  attempted  in  the  present  study. 

FINDINGS     IN     THIS     INVESTIGATION 

Our  greatest  interest,  a  comparison  of  the  histologic  findings  in 
treated  and  untreated  patients,  revolves  around  the  lymphocytic  and 
plasma  cell  reactions  in  the  pia  and  about  the  blood  vessels  of  the  cortex 
for  these  reasons : 

1.  They  are  the  most  easily  compared.  2.  The  plasma  cells  are  of 
prime  diagnostic  importance  in  general  paresis.  3.  Inflammatory 
reactions  of  the  pia  and  the  perivascular  region  are  theoretically 
amenable  to  influence  by  drugs  (for  example  cerebrospinal  syphilis). 
4.  Definite  differences  between  the  two  groups  of  cases  were  found  in 
our  series. 

Plasma  cells  were  present  in  all  patients,  both  treated  and  untreated. 
The  treated  cases  could  nevertheless  be  distinguished  in  the  majority 
of  instances  by  the  smaller  number  of  plasma  cells  present.  Lympho- 
cytes were  frequently  present  in  treated  cases  and  usually  in  a  relatively 
greater  number  as  compared  with  the  plasma  cells.  This  held  true  of 
all  cases,  except  in  the  ])resence  of  definite  tissue  degeneration  in  the 
form  of  miliary  or  perivascular  gummas.  In  this  instance  treatment 
seemed  to  produce  no  perceptible  change.  The  importance  of  Nissl's 
statement  that  the  presence  of  plasma  cells  about  the  capillaries  is  the 
most  significant  finding  in  general  paresis  is  well  borne  out  here.  The 
characteristic  pericapillary  arrangement  of  plasma  cells  in  the  sections 


8.  Xageli :    Blutkrankluitcn  uiul  Rlutfliagnostik,  Berlin  nnd  Leipzig,  Gruyler, 
1919. 
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from  cases  without  treatment  (Figs.  5  and  6)  contrasts  sharply  with 
the  absence  of  plasma  cells  in  the  perivascular  spaces  or  in  their  occa- 
sional presence  either  accompanied  or  unaccompanied  by  a  small  number 
of  lymphocytes  in  treated  cases  (Fig.  7). 
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Fig.    7.  — Capillaries    (a).      Compare    with    Figures    5    and    6.      This    patient 
received  treatment. 

Table  1  gives  a  comparison  of  the  perivascular  plasma  cell,  lympho- 
cytic and  pial  infiltration  in  treated  and  untreated  patients.  The  amount 
of  infiltration  is  recorded  as  slight,  moderate  or  considerable.  Slight 
infiltration  indicates  that  in  no  part  of  the  various  areas  of  the  cortex 
examined  was  there  more  than  an  occasional  infiltrating  cell  present. 
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Considerable  infiltration  was  credited  to  those  cases  in  which  the  infil- 
tration was  reall}^  extensive.  The  others  were  considered  as  showing 
moderate  infiltration.  It  will  be  noted  that  there  are  marked  dififerences 
in  the  degree  of  plasma  cell  infiltration  in  the  brains  of  treated  and 
untreated  patients.  Thus,  of  the  treated  series  of  twenty-seven  patients, 
the  brains  of  sixteen,  or  more  than  one-half,  showed  slight  plasma  cell 
infiltration,  whereas  of  the  fifteen  untreated  patients  none  showed  so 
slight  a  degree  of  plasma  cell  reaction.  This  is  a  difiference  wdiich  seems 
to  be  sharp  and  clear  cut.  Six  of  the  treated  patients,  or  less  than 
one  fourth,  showed  a  moderate  lymphocytosis  as  compared  to  five,  or 
one  third,  of  the  untreated  series ;  while  five,  or  less  than  one  fifth  of 
the  treated  patients,  showed  a  considerable  plasmacytic  reaction  as  com- 
pared to  ten  or  two  thirds  of  the  untreated  cases. 

TABLE    1. — Comparison'   of   Ixfiltration    ix   Treated    axd   Uxtreated    Cases 

Plasma  Cell  Lymphocytic  Pial 

Infiltration  Infiltration  Infiltration 


Mod-  Consid-                 Mod-  Consid-                 Mod-  Consid- 

Slight    erate  erable    Slight    erate    erable   Slight    erate    erable 

Treated 16            6  5           12           10            5            9            7             3 

Untreated 05  10            096174 


Similar  findings,  although  not  quite  so  striking,  are  shown  as  regards 
the  perivascular  lymphocytic  infiltration.  Twelve,  or  almost  one  half 
of  the  brains  of  the  treated  patients  showed  a  slight  lymphocytic  infil- 
tration, whereas  in  none  of  those  untreated  was  the  infiltration  of  such 
minor  degree.  Ten,  or  a  little  less  than  one  third  of  the  treated  patients, 
presented  a  moderate  lymphocytic  infiltration  as  compared  to  nine,  or 
almost  two  thirds  of  the  untreated  ones ;  and  of  the  treated  patients  only 
five,  or  less  than  one  fifth,  as  contrasted  with  six.  or  more  than  one  third 
of  the  untreated  brains,  showed  considerable  lymphocytic  infiltration. 

A  number  of  the  brains  had  had  the  pia  stripped  before  this  study 
was  undertaken.  However,  there  were  nineteen  brains  of  treated 
patients  and  twelve  of  the  untreated  ones  wnth  the  pia  intact.  Among 
the  treated  cases  nine,  or  practically  one  half  of  those  studied  for  pial 
reaction,  showed  a  slight  pial  cellular  reaction  as  compared  with  one,  or 
one  twelfth,  of  the  untreated  cases.  These  results  are  given  in  graphic 
form  in  Fig.  8.  Fig.  9  is  a  graphic  representation  of  the  relative  pro- 
portions of  the  perivascular  plasma  cell  and  lymphocytic  infiltration  and 
pial  infiltration,  in  the  treated  atifl  untreated  patients,  by  the  employment 
of  a  common  denominator  for  the  two  series.  The  figures  here  are  rela- 
tive and  not  actual  and  represent  a  graph  that  would  show  the 
proportion  had  there  been  the  same  number  in  each  series. 
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Fig.   8. — Histologic   findings   in   treated   and   untreated   patients   with   general 

paresis. 
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Fig.  9.— Histologic  findings  in  treated  and  untreated  patients  with  general 
paresis.  These  are  charted  to  show  relative  proportions  by  using  common 
denominators   for  the  two  series  of  cases. 
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TABLE  2. — Infiltration   in  Treated  Patients  Arranged  in  Order  of 
Amount  of  Treatment  Received 


Dal. 

Un. 

Cah. 

Bey. 

Hal. 

O'B. 

Smy. 

Lar. 

Per. 

Hay. 

Gal. 

Mor. 

Bren. 

Tho. 

Ken. 

Mon. 

Duf. 

Sea. 

Win. 

Par. 

Ric. 

Ne. 

Doh. 

Bur. 

Nel. 

Pa. 
All. 


Plasma  Cell 
Infiltration 


Lymphocytic 
Infiltration 


Pial 
Infiltration 


Mod-  Consid-  Mod-  Consid-  Mod-  Consid- 

Amount  of  I'^eatmcnt   Sliglit    crate    erable    Slight    erate    erable    Slight    crate    erable 

60 + 

50  (5  vent.) + 

41 + 

37(2sp.) + 

31  (2  vent.) -I- 


(5sp.). 


•30  (2  vent.,  4  sp.). 

20-i- 

19 

16 

15 


14 

13 

12 

ll(2sp.)... 
104-  (Isp.). 


6 

(5)  12 

Mercury  22,  subdural. . 
Mercury,  spinal  drain- 
age 


16 


-f 
-1- 

+ 

+ 

-f 
+ 

-f 

+ 

+ 

+ 

+ 

-1- 

-1- 

+ 

+ 

+ 

+ 

-f 

+ 

-1- 

+ 
+ 

-1- 

-f 

-f 

+ 

-1- 

-1- 

+ 

+ 

The  numbers  in  the  columns  to  the  right  of  the  name  symbols  indicate  the  number  of 
intravenous  injections  of  arsphenamin,  while  those  in  the  next  column  indicate  the  number 
of  intraventricular  and  spinal  injections. 


TABLE  3. — Infiltration  in   Untreated  Patients 


Plasma  Cell 
Infiltration 


Lympliocytic 
Infiltration 


Pial 
Infiltration 


Cry. 

McN. 

McG. 

Tin. 

Spe. 

Tru. 
For. 
Hub. 
Dra. 
BJa. 

Pim. 
Tit.  . 
Pre. 
Mas. 
San. 


Mod-  Consid-  Mod-  Consid-  Mod-  Consid- 

Slight    erate    erable    Slight    erate    erable   Slight    erate    erable 

+  ....  +  ..  -f 


+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 
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Table  2  shows  the  findings  in  the  individual  cases  arranged  in  the 
order  of  the  amount  of  treatment  received.  A  perusal  of  this  chart  will 
show  that  the  various  reactions  bear  no  definite  relation  to  the  amount 
of  treatment  received,  since  several  of  the  patients  who  had  received  a 
considerable  amount  of  treatment  show  more  reaction  than  others  who 
had  received  a  smaller  amount.  It  is  also  indicated  that  there  is  not 
always  a  parallelism  between  the  amount  of  perivascular  lymphocytic 
reaction  and  the  pial  reaction  in  the  same  case,  although  in  general  the 
relationship  is  fairly  close. 

TABLE  4. — Infiltration   in   Treated   Patients   Arranged   According  to   Age 


Age 

Nel 32 

All 33 

Gal 33 

Per 34 

Uni 36 

Mor 36 

Pai 38 

Bur 38 

Dal 39 

O'B 39 

Hal 40 

Lar 41 

Tho 41 

Ric 42 

Cah 42 

Doh 42 

Hay 42 

Rey 43 

Smy 43 

Duf 45 

Sea 46 

Par 49 

Ken 53 

Bre 56 

New 5V 

Men 57 

Win 60+ 


Plasma  Cell 
Infiltration 


Lymphocytic 
Infiltration 

* 


Pial 

Infiltration 


Mod-  Consid-  Mod-  Consid-  Mod-  Consid- 

Slight    erate    erable    Slight    erate    erable    Slight    erate    erable 

-I- 


+ 


-I- 


+ 
-t-  + 


A  point  of  some  interest  and  importance  is  presented  in  certain  cases 
in  which  a  considerable  amount  of  treatment  has  been  given  (e.g., 
Table  2,  Smy.  No.  7).  Although  this  patient  had  received  twenty-two 
intravenous  injections  of  arsphenamin  he  showed  a  considerable  amount 
of  pial  infiltration.  This  would  seem  to  indicate  that  often  the  pial 
inflammation  is  not  so  readily  amenable  to  antisyphilitic  drugs  as  is 
ordinarily  supposed. 

Table  3  shows  findings  in  the  untreated  cases  charted  as  are  the 
findings  of  the  treated  cases  in  Table  4. 

Besides  the  amount  of  treatment  received,  there  are  other  factors 
which  presumably  might  influence  the  amount  of  exudative  reaction  in 
this  series,  such  as   the  age  of  the  patient,  the   clinical  type  of  the 
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psychosis,  its  duration  and  the  interval  between  the  last  treatment  and 
the  death  of  the  patient.  Tables  4  to  9  inclusive  indicate  the  findings 
arranged  in  tlie  light  of  these  factors.     The  only  other  striking  fact 

TABLE  5. — IxFiLTRATiox  IN  Untreated  Patients  Arranged  According  to  Age 


Plasma  Cell 

Lymphocytic 

Pial 

Inflltrat 

on 

Infiltration 

Infiltration 

' 

Mod- 

Consid- 

' 

Mod- 

Consid- 

Mod- 

Consid 

Age 

Slight 

erate 

erable 

Slight 

erate 

erable 

Slight 

erate 

erable 

Tru 

34 

+ 

+ 

+ 

Tin 

36 

-1- 

+ 

-1- 

Dra 

38 

-1- 

-1- 

4- 

Hub 

43 

-1- 

Spe 

44 

+ 

-^ 

McG 

45 

+ 

+ 

4- 

Tit 

•? 

-f 

-h 

-t- 

Bla 

49 

-f 

-t- 

-4- 

McX 

52 

-L 

+ 

-t- 

Fo 

53 

-t- 

-f 

- 

San 

54 

-t- 

+ 

-1- 

Pi 

55 

-1- 

-1- 

■¥ 

Cry 

56 

-f 

-i- 

-(- 

Pre 

60 

-f 

-f 

4- 

Mas 

T7 

+ 

+ 

-1- 

TABLE   6. — Type  of   Psychosis    in    Treated    Patients 


Plasma  Cell 
Infiltration 


Lymphocytic 
Infiltration 


Pial 
Infiltration 


Simple  Deterioration 

Mor 

Ric + 

Sea + 

Tho 

Uni.  (tabes) -)- 

Win + 

Doh 

All -t- 

Bre -f 

Cah.  (convulsions) -f 

Dal.   (convulsions) 

Hal.  (tabes) 

Mon + 

Duf.  (convulsions) + 

-■Agitated  or  Depressed 

Hay 

Nel -f 

O'B + 

Smy 

Expansive 

Bur.  (tabes) 

Par -f- 

Bey 4- 

Confused 

Ken + 

Pai + 

Per 


Mod-  Consid-  Mod-  Consid-  Mod-  Consid- 

Slight    erate    erable    Slight    crate    erable   Slight    erate    erable 


+ 

-f 

+ 

+ 

-f 

-f 

H- 

+ 

+ 

-f 

-f 

+ 

+ 

-f 

-f 

-1- 

+ 

brought  out  by  our  investigation  was  that  in  treated  patients  dying 
shortly  after  receiving  treatment  there  tended  to  be  a  greater  degree  of 
pla.smacytic  reaction  than  in  patients  in  whom  a  lengthy  interval  had 
elapsed  between  the  end  of  treatment  and  death  (Table  9). 
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Plasma  Cell 
Infiltration 


Lymphocytic 
Infiltration 


Pial 
Infiltration 


Simple  Deterioration 

Pirn,  (tabes) 

Dra 

Po 

Tin 

McN 

Tru 

Hub 

Agitated  or  Depressed 

Bla.  (tabes) 

Pre 

Expansive 

Spe. 

San 

Tit 

Confused 
McG 


Mod-  Consid-  Mod-  Consid-  Mod-   Consid- 

Sliglit    erate    erable   Slight    erate    erable   Slight    erate    erable 


+ 

-f 

-f 

-t- 

+ 

-\- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-f 

+ 

+ 

-t- 

+ 

TABLE  8. — Duration  of  Psychosis 


Plasma  Cell 
Infiltration 


Lymphocytic 
Infiltration 


Pial 
Infiltration 


Lar.  . 
Nel.  .. 
Gal.  . 
Ric.  .. 
Cah. 

New. 
Bey.  . 
Mor. 
Per.  . 
Hal.  . 


Duf. 
Mon. 
Par. 
Dal.  , 
Hay. 

Ken. 
Pa.  .. 
Al.  ... 
O'B. 
Tho. 

Win. 
Sea.  . 
Doh. 
Uni.  , 


Duration 

5  mos. 

6  mos. 
9  mos. 
2  yrs. 

2  yrs. 

.2  yrs.  2  mos. 
.2  yrs.  2  mos. 
.2  yrs.  2  mos. 
.2  yrs.  4  mos. 
.2  yrs.  5  mos. 

.2  yrs.  5  mos. 

.2  yrs.  9  mos. 

.3  yrs. 

3  yrs. 

.    31/2  yrs. 

.    31/2  yrs. 
.    3%  yrs. 

4  yrs. 

5  yrs. 

.5  yrs.  5  mos. 


Slight 

+ 
-f 

+ 
-I- 


Bla.  . 

Dra. 

McN. 

Cr.  ., 
San. 


Hub. 
Tru. 
Pi.  ... 
Spe.  . 


1%  years 
3  years 

3  years 

4  years 


6  yrs.  -f 

6  yrs.  -f 
yrs.  2  mos. 

8  yrs.  + 


31/^  mos. 
1  year 
1  year 
1  year 

1%  years 


Mod-  Consid-  Mod- 

erate   erable   Slight    erate 

-I- 

-f- 


+ 


itment 

-I- 


Consid- 
erable   Slight 

-I- 


Mod- 
erate 


Consid- 
erable 


+ 

-(- 

-f- 

+ 

-f 

+ 
+ 

-f 

-I-         -f 
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\\t  may  conclude,  therefore,  that  treatment  definitely  reduces  the 
amount  of  plasma  cell  infiltration  in  cases  of  general  paresis.  This 
reduction  is  so  striking  that  the  histologic  study  of  the  cases  gives  a 
fairly  good  indication  of  whether  the  patient  had  received  antisyphilitic 
treatment  or  not. 

What  becomes  of  the  plasma  cells  if  they  are  not  present  in  treated 
patients  in  the  same  proportion  as  in  untreated  patients?  If  we  are  to 
assume  with  Gruner  and  Nageli  that  plasma  cells  are  the  result  of 
irritation,  it  might  follow  that  the  amount  of  irritation  produced  by  the 

TABLE  9. — Amount  of  Infiltration   in   Patients  According  to  Length   of 
Interval  Between  Last  Treatment  and  Death 


Plasma  Cell 
Infiltration 


Lymphocytic 
Infiltration 


Pial 
Infiltration 


Interval 

Cah 8  days 

Hay 14  days 

Lar 14  days 

Hal 1  mo. 

Gal I  mo. 

Dal 11  10  mos. 

Per 1%  mos. 

Nel 11/4  mos. 

Kic 2%  mos. 

Bu 2%  mos. 

O'B 2%  mos. 

Men 31,4  mos. 

Pa 4      mos. 

Uni 4      mos. 

Smy 4%  mos. 

Doh 6  mos. 

Rey 8  mos. 

Par 1  year 

Duf I  year 

Win 1  yr.  %  mo. 

Mor.. I  yr.    1  mo. 

Bre 1  yr.  3V^  mos. 

Ken I  yr.  6     mos, 

Sea 1  yr.  6     mos 

Tho 1  yr.  10   mos 

New 1  yr.  II    mos, 

All 3yr.s.  3  mos. 


Mod-  Consid-  Mod-  Consid-  Mod-  Consid- 

Slight    erate    erable    Slight    erate    erable    Slight    erate    erable 


spirochete  had  been  reduced  as  a  result  of  treatment  and  thus  less 
tendency  existed  for  the  formation  of  plasma  cells.  Or  it  is  possible 
that  arsphenamin  may  provoke  a  more  acute  reaction  than  occurs  in 
patients  with  untreated  paresis.  This  would  be  similar  to  the  so-called 
arsphenamin  neurorecidives.  In  either  case  the  conclusion  would  be 
that  treatment  had  produced  the  change  through  its  antispirochetocidal 
properties.  It  does  not  seem  probable,  however,  that  the  reaction  pro- 
duced is  of  the  type  of  the  neurorecidive  as  it  occurs  in  patients  that 
have  received  a  great  deal  of  treatment,  whereas  the  arsphenamin 
neurorecidives  occur  after  the  first  few  treatments ;  further,  there  is  a 
decrease  in  the  lymphocytes  while  in  the  neurorecidive  there  should  be 
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an  increase  in  these  elements.  Therefore  it  seems  most  likely  that  the 
decrease  in  plasma  cells  and  lymphocytes  represents  a  lessening  of  the 
irritative  phenomena. 

No  definite  differences  are  noted,  so  far  as  the  glia  reaction  is  con- 
cerned, between  treated  and  untreated  patients.  This  relates  both  to 
the  ameboid  glia,  the  round  glia  cells,  and  also  to  the  rod  cells.  Tables 
10  and  11  indicate  the  findings  in  the  two  series. 

Several  points  of  general  clinical  interest  have  come  to  our  attention 
in  this  study.     It  would  seem  that  the  cell  count  of  the  cerebrospinal 

TABLE  10. — ^Glia  Reaction  in  Treated  Patients 


Round  Glia 


Rod  Cells 


Ameboid  Glia 


Mod-  Consid-  Mod-  Consid-  Mod-  Consid- 

Slight    erate    erable   Slight    erate    erable   Slight    erate    erable 


Dal.  . 
Uni.  . 
Cah. 
Hal.  . 
C'B.  . 

Sniy. 
Lar.  . 
Per.  . 
Hay. 
Gal.  . 

Mor. 
Bro.  . 
Tho. 
Ken.  . 
Mon. 

Duf.  . 
Sea.  . 
Win. 
Par.  . 
Rio.  .. 

New. 
I>0h. 
Bur.  . 
Pai.  . 
Nel.  .. 

All.  .. 


fluid  obtained  from  the  lumbar  region  during  life  does  not  give  a  satis- 
factory indication  of  the  extent  of  the  cerebral  meningitis;  that  is,  it 
gives  little  evidence  of  cellular  infiltration  of  the  meninges.  Thus  in 
two  of  the  patients  from  the  untreated  group  (Fo.  and  Pi.)  who  had 
a  marked  pial  infiltration,  the  cell  count  of  the  spinal  fluid  was  10  per 
cubic  millimeter  in  one  and  14  per  cubic  millimeter  in  the  other,  whereas 
two  others  of  this  group  (McG.  and  Da.)  who  had  a  moderate  menin- 
geal involvement,  that  is  less  than  Fo.  and  Pi.,  showed  17  and  93  cells 
per  cubic  millimeter,  respectively. 

Similar  observations  were  made  in  patients  treated.     For  instance, 
Mo.,  who  had  marked  meningitis,  had  a  cell  count  in  the  spinal  fluid 


160 


H.     C.    SOLOMOX—.L    E.     TAFT 


varying  from  2  to  4  cells  per  cubic  millimeter  on  several  occasions. 
Similarly  Par.,  who  had  a  marked  lymphocytic  infiltration  of  the  pia, 
had  a  cell  count  that  was  within  normal  limits  on  all  but  two  occasions, 
the  following  numbers  indicating  the  cell  count  per  cubic  millimeter  on 
successive  examinations  :  2,  0,  17,  2,  2,  6,  2,  3,  5,  1,  0,  0.  8.  2,  3.  4,  2,  0,  6 
(Fig.  10). 

In  contrast,  Ha.,  who  had  no  greater  amount  of  pial  involvement, 
had  cell  counts  of  20,  35  and  55  cells  per  cubic  millimeter  on  three  suc- 
cessive examinations ;  Doh.  and  Bu.,  who  had  slight  infiltration  of  the 
cerebral  meninges,  had  cell  counts  of  18  and  20.  respectively. 

Our  material  further  proves  that  the  colloidal  gold  reaction  may 
become  negative  as  a  result  of  treatment  in  cases  of  general  paresis. 

TABLE  11. — GuA  Reactiox  in  Untreated  Patients 


Round  Glia 


Rod  Cells 


Ameboid  Glia 


Tru. 
Pim. 
McX. 
McG. 
Mas. 

Tit.  . 
San. 
Cry. 
Fo.  . 
Hub, 

Dra. 
Bla. 
Fre. 
Tin. 
Spe. 


Mod-  Consid-                 Mod-  Crnsid-  Mod-  Consid- 

Slight    erate  erable    Slight    crate  erable  Slight  erate    erable 

+           -f  ..           ■+- 

-I-  + 

+....+  ..  ..           + 

+  ....           +  ..  ..           -I- 

4-  ..              ..             -f  ..  + 


-I- 


This  is  an  observation  which  has,  of  course,  been  made  clinically  a 
number  of  times :  that  is,  in  cases  clinically  labeled  general  paresis  a 
so-called  paretic  curve  present  at  the  outset  of  treatment  has  become 
normal  during  treatment.  Our  point  is  that  we  have  been  able  to  con- 
firm the  diagnosis  of  paresis  by  postmortem  examination  in  such  cases. 
For  instance,  in  the  case  of  Dal.,  numerous  colloidal  gold  tests  were 
made  which  either  were  negative  or  gave  a  mild  reaction  ;  necropsy 
showed  definitely  the  histologic  changes  of  general  paresis.  Similar 
variations  from  a  paretic  gold  curve  to  a  normal  curve  occurred  in 
other  patients  of  this  group  during  the  course  of  treatment,  and  in  these 
cases  the  diagnosis  was  confirmed  by  histologic  examination. 

What  has  been  said  of  the  colloidal  gold  reaction  is  equally  true 
of  the  W'assermann  reaction.  The  Wassermann  reaction  in  cases  of 
general  paresis  may  become  negative  as  a  result  of  treatment.  This  in 
no  way  disj^roves  the  diagnosis  of  paresis,  and  the  disease  may  progress 
and  the  patient  may  die.     This  occurred  in  several  cases,  for  example, 
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in  the  cases  of  O'B.  and  Alon.  In  the  latter  case  (  .Mon.j,  the  W'asser- 
niann  reaction  hecame  negative  in  (hlutions  from  0.1  to  1  c.  c.  of  spinal 
fluid ;  the  cell  count  fell  to  within  normal  limits,  and  the  gold  reaction 
was  much  reduced.  Nevertheless,  the  patient  died  with  the  signs  and 
symptoms  of  general  paresis,  and  necropsy  confirmed  the  diagnosis  both 
grossly  and  histologically. 

As  is  well  known,  the  ventricular  fluid  in  cases  of  general  paresis 
is  entirely  negative  in  some  cases  and  positive  in  others.  In  our  series 
there  were  three  patients  who  had  Ijeen  receiving  ventricular  injections. 


Fig.  10. — Meningitis  in  patient  with  paresis  who  had  been  treated.  Treat- 
ment did  not  remove  the  infiltrate  that  is  supposed  to  react  readily  to  anti- 
syphilitic  drugs.  However,  the  cell  count  in  the  spinal  fluid  was  low,  giving 
no  indication  of  the  amount  of  cerebral  meningitis. 


In  one  (Gal.),  the  ventricular  fluid  was  c[uite  normal,  whereas  in  the 
other  two  (Un.  and  Hal.)  the  ventricular  fluid  showed  findings  in 
keeping  with  the  spinal  fluid  in  cases  of  general  paresis ;  namely,  posi- 
tive reactions  in  the  Wassermann,  colloidal  gold,  globulin,  and  albumin 
tests.  In  all  three  cases  the  postmortem  examination  confirmed  the 
diagnosis  of  general  paresis,  and  no  significant  differences  were 
obser\'ed  in  the  histology  of  these  cases.  The  negative  findings  in  the 
ventricular  fluid  probably  indicate  a  relative  imperviousness  of  the 
foramina  of  Lushka  and  Magendie  so  that  the  elements  producing 
these  reactions  do  not  have  easy  access  from  the  subarachnoid  space  to 
the  ventricles  or  that  the  flow  of  fluid  from  the  ventricles  to  the  sub- 
arachnoid space  is  active  and  in  that  direction  almost  exclusively. 
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The  inference  to  be  drawn  from  those  cases  in  which  the  patient 
had  received  intraventricular  injections  of  arsphenamized  serum  is 
that  no  damage  is  done  by  such  injections.  Chnically,  there  is  no 
evidence  of  damage  nor  does  the  examination  of  the  ventricular  fluid 
subsequent  to  the  injection  show  any  evidence  of  irritation  or  inflam- 
mation. Thus,  in  the  case  of  Gal.,  the  ventricular  fluid  remained 
negative  after  the  intraventricular  injections,  and  in  the  other  two  cases 
there  was  no  cellular  reaction  resultant  on  such  treatment.  Histologically 
the  ventricular  surfaces  and  the  choroid  plexus  showed  no  evidence  of 
trauma.  We  may,  therefore,  conclude  that  the  introduction  of  arsphen- 
amized serum  into  the  ventricles  does  not  produce  any  reactions  which 
contraindicate  this  type  of  treatment.  On  the  other  hand,  we  have  no 
evidence  from  the  limited  material  in  which  ventricular  injections  w^ere 
made  that  any  strikingly  good  results  were  accomplished.  It  seems 
fair  to  emphasize  that  the  three  patients  of  this  series  who  received 
ventricular  injections  showed  no  clinical  improvement,  whereas  other 
patients  receiving  similar  treatment  have  shown  marked  improvement. 
It  is  at  least  possible,  if  not  probable,  that  the  findings  in  the  patients 
who  improved  with  this  treatment  (not  included  in  this  series)  would 
have  shown  more  histologic  evidence  of  this  treatment.  This  state- 
ment is  in  consonance  with  one  made  at  the  beginning  of  the  article 
calling  attention  to  the  fact  that  all  the  material  available  in  this  study  is 
from  patients  who  did  poorly  from  a  clinical  standpoint. 

SUMMARY 

In  order  to  determine  whether  antisy])hilitic  treatment  ])ro(luces  any 
effect  on  the  paretic  process  in  the  cerebrum  that  can  be  recognized 
histologically,  a  study  was  made  of  brains  from  cases  of  general  paresis. 
The  series  studied  was  made  up  of  two  groups :  twenty-seven  brains 
from  patients  who  had  received  antisyphilitic  treatment  during  the 
period  ot  the  psychosis  and  fifteen  brains  from  ])atients  who  had  not 
received  antisyphilitic  treatment  subsec|uent  to  tlie  onset  of  symptoms 
of  paresis.  It  was  not  possible  to  draw  any  conclusions  concerning 
jjarenchymatous  changes,  nor  concerning  the  true  vascular  or  neurologia 
changes  from  a  com])arison  of  the  two  groups.  That  no  significant 
comparative  changes  would  be  shown  was  to  be  expected  because  of 
the  nature  of  the  pathology  of  these  structures  in  general  paresis. 

However,  the  inflammatory  reactions,  perivascular  and  pial  infiltra- 
tion, ofTer  theoretically  a  satisfactory  basis  for  comparison.  The  degree 
of  cellular  infiltration  in  one  case  can  be  compared  with  the  degree  of 
infiltration  in  another  case.  Further,  this  type  of  reaction  is  apparently 
the  result  of  irritation  by  a  toxic  agent.  If  the  activity  of  the  agent  is 
reduced,  one  expects  a  reduction  of  the  inflammatory  process.     This 
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is  what  happens  in  cases  of  tertiary  cerebrospinal  syphihs  in  which  the 
patients  receive  treatment.  Plasma  cells  diffusely  present  in  the  peri- 
vascular and  pial  infiltration  is  the  critical  finding  in  general  paresis. 
Hence,  a  comparative  study  was  made  of  the  amcjunt  of  perivascular 
plasmacytic  and  lymphocytic  infiltration  and  pial  reaction  in  the  treated 
and  untreated  groups.  It  was  found  that  plasma  cells  were  few  and 
infrequent  in  most  of  the  treated  patients,  especially  in  comparison 
with  the  untreated  ones.  This  was  so  striking  that  in  many  cases  it 
was  possible  to  predict  from  the  histologic  picture  whether  or  not  the 
]xitient  had  received  treatment.  The  lymphocytic  perivascular  infiltra- 
tion was  also  much  less,  on  the  whole,  in  treated  than  in  untreated 
patients.  This  was  not  as  striking,  however,  as  the  apparent  reduction 
of  plasma  cells.  We  believe  that  the  plasma  cells  are  an  indication  of 
a  chronic  irritation,  and  it  seems  probable  that  the  reduction  of  this 
element  in  the  treated  i)atient  is  similar  to  that  which  occurs  in  the 
treatment  of  an  indolent  ulcer  in  which  in  the  course  of  improvement 
the  more  chronic  type  of  reaction  is  replaced  by  a  more  acute  and  active 
reaction.  If  this  is  true,  it  would  seem  to  indicate  that  treatment  had 
influenced  the  paretic  process  to  a  certain  degree  in  most  of  the  cases  of 
our  series. 

The  pial  infiltration  was  likewise  strikingly  less  in  the  treated  than  in 
the  untreated  patients  as  a  group.  However,  in  some  patients  who  had 
received  treatment  the  pial  infiltration  was  of  considerable  extent,  indi- 
cating that  at  times  systemic  antisyphilitic  treatment  (at  least  in 
moderate  amounts)  is  incapable  of  greatly  influencing  cerebral  menin- 
gitis. This  is  in  keeping  with  clinical  observations  in  cases  of  simple 
cerebral  meningitis. 

The  charts  show  the  results  of  the  studies  concerning  these  points. 

Neither  the  age  of  the  patient,  the  clinical  variety  of  the  psychosis, 
nor  its  duration  seemed  to  have  any  distinct  bearing  on  the  amount  of 
cellular  inflammatory  reaction. 

CONCLUSIONS 

1.  Antisyphilitic  treatment  of  patients  with  general  paresis  affects 
the  histologic  picture. 

2.  It  tends  to  reduce  the  plasma  cell  infiltration  of  the  perivascular 
spaces,  so  that  in  many  cases  there  are  fewer  plasma  cells  than  are 
commonly  found  in  untreated  cases. 

3.  This  reduction  of  the  plasma  cell  reaction  is  probably  an  evi- 
dence of  lessened  chronicity  of  the  process. 

4.  Perivascular  lymphocytosis  is  often  reduced  in  amount  by 
treatment. 

5.  Pial  inflammation  is  often  reduced  in  amount  by  treatment. 


164  H.     C.     SOLOMOX—A.     E.     TAFT 

6.  Intraventricular  injections  of  arsphenaniized  serum  ordinarily 
produce  no  injurious  effects  on  the  choroid  plexus  or  ependymal  lining 
of  the  ventricles. 

7.  The  cell  count  of  the  spinal  fluid  does  not  give  a  true  indication 
of  the  amount  or  extent  of  cerebral  meningitis. 

8.  The  colloidal  reaction,  W'assermann  reaction  and  cell  count  of 
the  spinal  fluid  in  paresis  may  become  negative  during  treatment. 

DISCUSSION 

Dr.  Bern.\rd  S.\chs,  New  York:  I  should  like  to  know  whether  there  is 
any  reason  to  suppose  that  this  plasmacytic  reaction  has  any  eflfect  on  the 
underlying  morbid  process,  such  as  general  paresis. 

Dr.  Henry  Viets,  Boston  :  I  believe  that  Dr.  Solomon's  view  is  important 
from  the  clinical  standpoint.  If  spinal  fluids  become  negative,  we  cannot 
depend  very  much  on  the  reaction  of  the  cerebrospinal  fluid  in  the  treatment 
of  our  patients. 

Dr.  Herman  H.  Hoppe,  Cincinnati :  Recently  I  have  l)een  treating  paretic 
patients  with  the  hypertonic  salt  solution,  followed  six  hours  later  by  an 
intravenous  injection  of  arsphenamin.  Several  of  these  patients  became  violent, 
this  state  lasting  from  twenty-four  to  thirty-six  hours.  In  all  of  the  cases 
we  obtained  some  acute  cortical  reaction. 

Dr.  Bernard  Sachs,  New  York:  Is  this  perhaps  the  result  that  one  might 
have  expected  after  the  nucleate  of  soda  injections  that  were  in  favor  with 
many  physicians  a  number  of  years  ago?  It  is  interesting  to  note  the  effects 
of  the  use  of  various  remedies  which  were   so  popular   in  the  past. 

Dr.  Peter  Bassoe,  Chicago:  I  wish  to  relate  the  case  of  a  physician  with 
rather  advanced  paresis,  who  received  quite  intensive  Swift-Ellis  treatment. 
After  the  last  injection  he  contracted  a  severe  streptococcic  sore  throat  which 
was  followed  by  a  streptococcic  meningitis,  of  which  he  died.  An  examination 
of  the  brain  revealed  a  marked  decrease  in  the  amount  of  perivascular  infiltra- 
tion. In  fact,  a  great  number  of  the  perivascular  spaces  in  the  corte.x  showed 
practically  no  cells;  they  showed  loose  connective  tissue  network  almost  free 
from  either  lymphocytes  or  plasmacytes.  I  suppose  we  cannot  assume  that  an 
acute  meningitis  which  lasted  a  few  weeks  would  bring  about  a  change  of 
that  kind,  so  that  perhaps  the  condition  may  be  ascribed  to  the  previous 
treatment. 

Dr.  Solomon,  in  closing:  In  regard  to  Dr.  Sachs'  question  as  to  the  impor- 
tant underlying  morbid  process  in  general  paresis  and  the  relation  to  the 
plasmacytic  reactions  so  commonly  found,  I  can  give  no  satisfactory  reply. 
I  do  not  know  why  plasma  cells  occur,  unless  it  is  a  response  to  a  to-xic  agent 
acting  over  a  long  period.  We  look  on  the  plasma  cell  as  one  evidencing  a 
chronic  type  of  reaction.  Recent  work  by  Jaiinel.  Jakob,  and  Valente  appar- 
ently shows  that  spirochetes  are  present  in  large  numbers,  particularly  where 
activity  is  most  marked.  We  have  not  had  a  technic  that  was  sufficiently  good 
to  attempt  to  show  spirochetes.  It  would  be  interesting  to  know  whether  in 
these  cases  the   spirochetosis  had  been  decreased   or   increased. 

There  were  several  of  these  patients  that  had  the  miliary  gummas  in  vari- 
ous spaces  scattered  throughout,  and  those  patients  invariably  had  the  lynipho- 
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cytic  and  plasmacytic  reaction  a1)out  the  gummas  irrespective  of  whether  it 
was  to  he  found  elsewhere. 

One  of  the  patients  in  this  series  had  received  sodium  nucleinate  injections, 
also  ventricular,  spinal  and  a  considerahle  numher  of  intravenous  injections. 
He  showed  a  large  amount  of  lymphocytic  reaction.  Unfortunately,  however, 
I  did  not  have  the  pia  to  examine,  hut  it  seemed  to  have  more  reactive  cells 
than  in  most  of  the  cases.  Otherwise  I  have  no  knowledge  of  the  exact  effect 
of  sodium  nucleinate. 

Dr.  Kolmer  and  Dr.  Luckc's  article  concerning  the  findings  in  the  monkeys 
and  rabbits  treated  with  mercury  has  always  been  a  mystery  to  me.  unless  the 
condition  is  similar  to  a  lead  encephalopathy. 

Hypertonic  salt  solutions  followed  by  intraspinal  injections  cause  a  tre- 
mendous reaction  of  the  patient,  fever,  vomiting,  nausea  and  headache,  but 
we  have  not  experienced  so  much  reaction  with  the  intravenous  injections. 
About  100  c.c.  of  15  per  cent,  salt  solution  does  not  give  much  change  in  the 
cerebrospinal   fluid   pressure,   which   we   observe   for  approximately   five  hours. 

In  regard  to  the  colloidal  gold  and  Wasserniann  reactions,  we  have  found 
in  only  two  cases  that  the  gold  became  negative,  which  shows  that  it  could 
happen  in  cases  of  paresis  confirmed  l)y  necropsy.  In  these  cases  the  globulin 
reaction  was  positive.  The  gold  reaction,  as  is  known,  is  the  result  of  the 
balance  between  the  albumin  and  globulin.  The  colloidal  gold  reaction  may  be 
negative  although  globulin  remains  present,  as  in  my  cases.  By  a  negative 
gold  reaction  is  meant  a  reaction  of  one  plus  or  less. 

We  had  a  patient  similar  to  Dr.  Bassoe's,  a  juvenile  paretic  who  developed 
an  acute  cerebrospinal  meningitis  as  the  result  of  a  faulty  technic  in  intra- 
spinal injection.  She  died  four  weeks  later  of  cerebrospinal  meningitis,  and 
at  necropsy  the  meninges  showed  a  peculiar  gummy  type  of  reaction,  almost 
free  from  cells,  which  was  difficult  to  understand. 
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At  the  Neurological  Institute,  New  York,  there  are  admitted 
monthly  to  the  outpatient  department  many  children  under  14  years  of 
age.  Excluding  organic  cases,  the  object  of  this  preliminary  report  is 
to  present  a  tentative  diagnostic  grouping  of  nervous  and  mental  dis- 
orders of  children. 

It  is  well  known  that  frank  psychoses  are  rare  in  children,  and 
whenever  encountered  are  classified  according  to  adult  standards.  On 
the  other  hand,  symptoms  resembling  the  neuroses  of  adults,  personality 
changes  and  minor  mental  variations  are  quite  frequently  seen,  and, 
although  a  classification  for  similar  disorders  exists  for  adults,  to  our 
knowledge  no  such  definite  standardization  exists  for  conditions  occur- 
ling  in  children. 

The  following  tentative  groupings  are  suggested : 

FUXCTIOXAL     NERVOUS     DISORDERS 

A  relatively  large  number  of  patients  brought  to  the  clinic  for 
various  reasons  suffer  from  functional  nervous  disorders.  These  are 
often  referred  to  as  nervous  children.  The  underlying  netirotic  con- 
dition may  be  readily  overlooked  because  juvenile  delinquency  fre- 
quently complicates  these  cases.  In  describing  them  we  hesitate  to  use 
the  term  psychoneurosis,  although  they  are  more  closely  related  to 
this  adult  group  than  any  other. 

Possiblv  many  of  these  cases  will  become  ])sych()ncur()tic  in  adult 
life,  or  mav  belong  only  to  the  developmental  period  of  life,  and  are 
not  destined  to  recur  in  after  years.  On  this  subject  we  have  no  e.xact 
data.  The  symptoms  of  functional  nervous  disorders  in  children  are 
quite  familiar.     Some  of  them  may  be  merely  enumerated  al  this  time. 

Overactivity. — This  is  a  very  common  symptom  with  neurotic  chil- 
dren. There  may  be  both  excessive  motor  and  excessive  mental  activ- 
ity, which  at  times  bears  a  remarkable  similarity  to  manic  states. 

Disorders  of  Sleep. — These  are  frequent  concomitants  in  neurotic 
states  in  childhood. 

Habit  Spasms  and  Tics. — These  conditions  arc  common.  Grimaces, 
blinking,  tic-like  movements  of  trtmk  and  extremities  are  frequent. 
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Einofloiial  Jnstability. — This  may  accompany  the  foregoincr  physical 
phenomena  or  may  exist  independently.  It  is  shown  hy  irritability 
and  change  of  mood.     Elevation  of  mood  occasionally  exists. 

Stamincriug. — This  symptom  is  so  closely  associated  with  other 
neurotic  symptoms  that  we  believe  it  to  belong  in  this  group. 

Enuresis. — We  believe  this  condition  to  be  a  functional  nervous 
symptom  in  very  many  instances. 

The  foregoing  are  a  number  of  symptoms  usually  regarded  as  neu- 
rotic in  character,  which  we  would  include  in  a  general  group,  consti- 
tuting the  functional  nervous  disorders  of  childhood. 

DISORDERS     OF     PERS0NALIT^■ 

In  this  second  group  we  have  classified  children  who  show  a  varia- 
tion in  personality  and  temperament  sufficiently  marked  to  come  to  the 
attention  of  teachers  or  parents. 

Possibly,  this  group  bears  some  relation  to  the  constitutional  psy- 
chopathic states  of  adult  life.  In  fact,  one  meets  here  most  of  the  odd 
personalities,  or  their  beginnings,  which  exist  in  adults.  It  is  felt, 
however,  that  an  identification  with  this  group  is  not  warranted.  Unfa- 
vorable traits  of  personality  observed  during  childhood  may  represent 
a  phase  in  development  and  disappear  later.  With  these  reservations, 
certain  variations  in  tem]:)erament  may  be  mentioned. 

Oz'craggrcssi-i'c  and  licjotistical  Types. — Patients  are  encountered 
who  have  these  qualities  to  a  pathologic  degree.  The  disorder  existing 
without  other  symptoms  seems  to  be  one  of  personality  rather  than  of 
neurotic  origin. 

Excessive  Timidity  and  Shyness. — Overshyness  and  oversensitive- 
ness  of  such  a  degree  as  to  constitute  a  pathologic  condition  are  seen. 

Seclusii'c  Types. — These  patients  are  in  temperament  nonsocial  and 
nongregarious.  Their  condition  appears  to  bear  some  relationship  to 
similar  conditions  in  adult  life.  Marked  improvement  in  these  child- 
hood states,  however,  has  led  us  to  believe  that  these  characteristics 
may  in  some  instances  be  modified. 

Other  types  of  unusual  personality  in  children  doubtless  occur  in 
the  experience  of  every  one.  When  they  go  beyond  normal  limits,  they 
are  to  be  regarded  as  pathologic.  Without  entering  into  further  details, 
we  wish  at  this  time  to  call  attention  to  the  occurrence  of  these  disor- 
ders of  personality  in  children. 

THE     DULL     INTELLIGENCE     GROUP      (aS     DESIGNATED     BY 

psychologists) 
Psychologists    classify    certain    children    by    means    of    intelligence 
tests.     They  state  that  there  is  a  definite  group  of  children  who  may 
be  said  to  be  dull.     Such  cliildren  are  not  feebleminded,  but  relatively 


168  EDiriX     (,'.     ZABRISKIE—SASCER     BROWX     II 

of  a  low  order  of  intelligence.  In  terms  of  their  intelligence  quotient, 
they  rate  between  80  and  90  per  cent.,  below  70  being  feebleminded, 
and  100  being  average,  if  we  are  to  be  governed  by  the  Stanford 
revision  of  the  Binet-Simon  tests. 

EPILEPSY 

Every  one  will  agree  that  epilepsy  of  childhood  should  be  classified 
by  itself.  If  it  is  difficult  to  recognize  at  all  times  what  has  been  called 
epilepsy  in  adults,  it  is  still  more  difficult  in  childhood. 

In  general,  it  appears  that  psychologic  factors,  such  as  emotional 
disturbances,  mental  exhaustion  and  mental  conflicts,  play  a  relatively 
important  ])art  in  e])ilepsy  occurring  during  childhood,  and  it  is 
undouljtedly  more  correct  to  state  that  these  psychologic  causes  act  as 
exciting  factors  in  those  predisposed. 

Even  though  convulsive  phenomena  of  dift'erent  origins  are  quite 
common  in  children  during  the  first  decade  of  life.  epilei)sy  can  be  rec- 
ognized as  a  separate  entity  and  so  classified. 

ENDOCRINOPATHIES 

Within  recent  years,  distinctive  mental  characteristics  have  been 
associated  with  endocrine  types ;  the  thymic,  dispituitary,  suprarenal, 
thyroid  and  other  types. 

It  will  most  likely  be  years  before  conclusive  data  can  be  submitted 
as  a  di.stinctive  mentality  of  these  cases,  if  such  exists. 

It  seems  reasonable  to  suppose  that  any  imbalance  in  the  activity 
of  the  glands  of  internal  secretion  sufficiently  .severe  to  interfere  with 
physical  development  may  also  influence  mental  development.  This 
influence  is  liable  to  contribute  to  inferiority  in  one  wa\-  or  another,  not 
infrequently  by  arrest  or  retardation. 

Again,  if  endocrine  disorders  disturb  general  health  and  well-being 
during  childhood,  the  child  is  subjected  to  an  intellectual  as  well  as 
physical  disadvantage.  When  a  child  is  in  such  a  ])osition  from  any 
cause  whatsoever,  disorders  of  conduct  or  delinquency  are  liable  to 
develop.  Endocrine  disturbances  may  in  this  way  l)e  secondary  in  their 
effect  rather  than  primary. 

PSYCHOTIC     AND     PREPSVCHCTIC     T^'PES 

As  stated  alcove,  psychoses  are  rare  during  childhood.  However, 
they  do  occur. 

Manic  Depression. — The.se  cases  are  occasionally  seen  at  as  early  as 
12  years  of  age. 

Dementia  Praecnx. — This  condition  may  have  its  onset  at  this  time. 
The  exhaustion  delirium  after  an  acute  illness  is  quite  frequently  seen. 
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In  our  experience,  it  is  clifficull  during  cliildhuod  to  recognize  pre- 
ixsychotic  symptoms.  A  few  cases,  however,  are  sufficiently  definite 
to  be  so  regarded.  Mood  changes  may  be  of  such  a  nature  as  to  be 
indicative  of  manic  depressive  attacks  later.  Occasionally,  the  shut-in 
personality  of  dementia  praecox  may  be  recognized.  In  the  majority 
of  instances  of  minor  mental  disturbances  in  children,  however,  such 
predictions  cannot  l)e  made. 

JitTcnilc  Delinquency  and  Disorders  of  Conduct. —  While  these  cases 
appear  to  belong  to  a  single  grou]),  they  do  not  in  any  way  belong  to 
any  one  type  of  case  clinically.  I  I  ere  we  found  feebleminded,  neurotic 
types,  endocrinopathies,  epilepsy  and  other  conditions.  They  constitute 
a  social  grouj),  not  a  clinical. 

THE      MENTALLY     DEFICIENT 

This  group  is  sufficiently  definite  to  reciuire  no  comment  at  this 
time.  It  is  believed  that  a  classification  along  tlie  general  principles 
outlined  is  desirable  for  the  following  reasons: 

1.  As  already  stated,  we  have  a  classification  for  similar  conditions 
in  adults,  which  is  not  applicable  to  children. 

2.  Certain  classifications  are  already  in  use  which  ai)i)ear  to  us  to  be 
incomplete  or  undesirable. 

3.  Agencies  refer  to  these  disorders  in  childhood  as  ])robleni  cases, 
exceptional  children,  nervous  children,  adjustment  cases  and  in  other 
similar  terms.  These  designations  are  not  diagnostic  from  the  medi- 
cal and  clinical  standpoint. 

4.  Psychologists  have  used  a  classification  based  on  intelligence 
tests,  namely,  feeblemindedness,  borderline  intelligence,  dull  normal, 
normal  and  superior  intelligence.  This  classification  has  to  do  with 
intelligence  only  and  is  not  comprehensive  enough  for  medical  use. 

5.  A  classification  exists  in  respect  to  juvenile  delinquency  and 
court  cases,  and  here  the  type  of  ofl:'ense  becomes  associated  with  the 
offender.  In  the  children's  court  records,  the  following  offenses  are 
mentioned  :  larceny,  arson  and  others.  These,  of  course,  are  not  diag- 
noses. Ilowever,  in  court  cases,  the  kind  of  off'ense  becomes  intimately 
identified  with  the  oft'ender,  and  such  designation  is  misleading. 

CONCLUSION 

We  believe  that  a  classification  of  these  conditions  is  possible  on 
medical  and  psychologic  grounds.  The  basis  of  such  a  classification 
should  be  governed  by  the  underlying  condition  existing  in  each  case, 
vs^hich  we  believe  in  the  main  conforms  to  certain  clinical  types. 

It  is  not  possible,  at  least  from  our  present  knowledge,  to  classify 
these  conditions  on  the  basis  of  etiology.     There  is  a  multiplicity  of 
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causes  for  them.  A  number  of  causes  enter  into  nearly  every  case  and 
so  classification  at  present  must  be  in  accordance  with  groups  of 
symptoms. 

The  types  presented  in  the  foregoing  are  not  regarded  as  final  or 
complete,  but  rather  as  suggestions  which  may  be  altered  or  elaborated 
on  as  occasion  arises. 

DISCUSSIOX 

Dr.  Sidxev  I.  ScHw.vB,  St.  Louis  :  I  should  like  to  ask  Dr.  Brown  why  he 
uses  the  phrase  "nonorganic  nervous  and  mental  disorders  of  children"  and 
includes  epilepsy?  How  would  he  differentiate  in  Group  4  from  the  standpoint  of 
organic  and  inorganic  epilepsy,  and  what  would  lie  the  value  of  it? 

Dr.  Adolf  Meyer,  Baltimore :  It  w'ould  seem  eminently  important  that  those 
who  had  a  great  amount  of  work  in  connection  with  children  should  communi- 
cate their  experience  as  to  the  best  way  of  handling  the  tremendouslj-  multi- 
farious mass  of  facts  that  arise.  Personally,  I  am  so  fundamentally  a  pluralist 
that  I  like  to  study  the  facts  according  to  their  importance,  subordinating  the 
issue  as  to  wdiether  there  are  three  or  five  or  just  one  kind  of  fact  prominent 
in  the  patient.  Nevertheless,  I  should  study  the  data  as  they  appear,  according 
to  their  importance. 

Dr.  Samuel  Leopold,  Philadelphia  :  In  my  experience,  I  find  that  all  classi- 
fications are  entirely  unsatisfactory  and  we  have  been  trying  to  eliminate  them. 
If  we  tried  to  limit  them  to  probably  four  headings,  instead  of  a  larger  number, 
it  might  be  more  advantageous.  The  best  method  of  viewing  these  cases  is  from 
the  pluralistic  standpoint,  taking  into  consideration  the  facts  regarding  the 
child ;  for  instance,  the  question  as  to  whether  the  sociologic  factor  is  more 
prominent  in  the  reaction  ;  whether  the  organic  factor  is  the  chief  feature,  or 
whether  there  is  present  a  distinct  mental  feature. 

Dr.  C.  Macfie  Campbell,  Boston:  Dr.  Brown's  presentation  of  the  classifi- 
cation is  one  which  he  believes  would  be  useful  to  social  agencies,  introducing 
a  certain  amount  of  uniformity  into  their  terminology,  and  from  that  stand- 
point it  is  of  merit.   We  should  eliminate  various  discrepancies  and  logical  flaws. 

A  classification  should  be  quite  consistent  and  should  include  all  the  cases. 
It  would  simplifv  the  matter  if  it  would  not  fall  into  more  than  one  group. 
If  epilepsy  and  the  endocrinopathies,  and  perhaps  some  of  the  resultant  dis- 
orders of  personality'  are  considered,  one  might  question  where,  from  the 
practical  standpoint,  these  cases   should  be  grouped  according  to  this  scheme. 

Classification  in  epilepsy  hardly  does  justice  to  the  situation.  We  have 
many  children  who  have  minor  attacks  which  are  frequently  repeated,  in  which 
it  would  be  unwise  to  use  the  same  term.  Every  worker  will  probably  have  his 
own  classification,  according  to  the  special  material  with  which  he  has  worked; 
but  it  would  be  well  for  each  organization  to  have  a  jiractical  classification, 
so  that  the  social  agency  referring  the  children  to  us  would  receive  a  state- 
ment the  exact  meaning  of  which  they  could  understand. 

Dr.  Thfx)dore  Diller,  Pittsburgh:  Is  there  any  recognition  made  of  the 
condition  called  spasmophilia  in  this  classification,  and  what  is  understood  l)y 
the  term? 

Dr.  John  H.  W.  Riikix,  Phila(lcl])hia :  The  classification  which  Drs. 
Zabriskic  and  Brown  liave  made  for  the  study  of  behavior  disorders  in  chil- 
dren  is  similar  to  the  one  that  I  use  in  the  studv  of  these  problems  at  the 
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Mental  Clinic  of  the-  Pliiladelphia  General  Hospital.  Behavior  disorders  are 
the  direct  result  of  some  physical  disorder,  such  as  acidosis  or  general  mal- 
nutrition when  the  child  is  underweight;  and  the  disorders  express  themselves 
as  a  reaction  to  the  physical  condition.  There  are  quite  a  number  of  such  cases 
that  we  meet  at  the  clinic  and  elsewhere.  The  rest  cure  is  of  great  value  in 
correcting  the  nervous  manifestations,  as  in  children  isolation  from  environ- 
ment  is  very  beneficial. 

Dr.  Browx  (closing;  :  1  agree  with  many  of  the  critical  remarks  that  have 
been  made  about  such  a  classification.  It  is  a  question  whether  we  should 
attempt  to  adopt  a  classification  of  these  conditions  in  childhood.  On  the  other 
hand,  after  a  number  of  cases  which  have  similar  symptomatology  have  been 
seen,  they  seem  to  fall  into  certain  groups,  and  if,  as  a  result  of  that,  it  is  pos- 
sible to  include  them  under  a  classification,  such  a  method  should  be  used. 

I  agree  with  Dr.  Schwab's  objection  to  including  epile])sy  under  "nonorganic 
nervous  and  mental  disorders  of  children."  As  Dr.  Campl)cll  states,  many  cases 
should  not  be  included  with  epilepsy,  but  on  the  other  hand  they  are  so 
similar  to  the  adult  type  that  it  is  difificult  to  exclude  tliem. 

The  spasmophilia  which  Dr.  Diller  mentions  is  in  relation  to  parathyroid 
and  calcium  metabolism,  and  so  should   not  Ik-  included   in  this  group. 


THE      OPPORTUNE      APPEARANCE      OF      MENTAL 

SYMPTOMS     IN     THOSE     ACCUSED     OF     CRIME 

OR     FACING     A     CRISIS     IN     LIFE 

THEODORE     DILLER,     M.D. 

PITTSBURGH 

If  an  individual  develops  mental  symptoms  at  such  a  convenient 
time  as  the  day  of  his  arrest  for  a  crime  or  at  some  other  great  crisis 
m  life,  the  suspicion  immediately  arises  in  the  average  mind  that  he  is 
malingering;  and  so  firmly  does  such  an  impression  take  hold  of  many 
minds  that  it  can  hardly  he  dislodged  by  the  presentation  of  a  fair 
amount  of  reasoning  based  on  evidence. 

In  this  paper  I  am  discussing  this  question  and  i)resenting-  the  his- 
tories of  these  cases  bearing  on  it,  in  two  of  which  mental  symptoms 
developed  in  individuals  after  they  had  been  arrested  for  crimes.  The 
third  case  is  that  of  a  woman  who  was  facing  separation  from  her  hus- 
band and  children  and  probably  divorce. 

In  two  of  these  cases,  the  symptoms  were  very  closely  questioned, 
and  feeling  was  so  high  in  one  or  two  of  them  that  no  amount  of  argu- 
ment or  reasoning  could  have  carried  conviction  that  the  symptoms 
presented  were  genuine.  It  was  reasoned  that  the  symptoms  appeared 
at  too  convenient  a  time  to  be  genuine :  the  logic  stopped  there.  In 
the  third  case  (the  first  of  the  series),  the  symptoms  of  dementia  prae- 
cox  type  developed  in  a  woman,  not  accused  of  crime,  but  facing  a 
crisis — the  separation  from  her  husband  and  children — a  situation 
unlike  the  other  two  cases  and  in  which  the  ]ircsence  of  mental  symp- 
toms was  not  opportune,  but  most  inopportune,  and  calculated  to  hurt 
her  case.  Yet  the  situation  here  resembles  that  of  the  other  two  cases 
in  that  symptoms  occurred  while  the  individual  was  under  great  stress 
and  represented  her  inadequacy  to  meet  a  real  .situation  in  life 

Yet,  before  considering  the  evidence  of  these  cases,  let  me  ask :  Is 
the  development  of  mental  symptoms  in  those  accused  of  crime  or  facing 
other  great  crises  in  life  so  ver}^  extraordinary  after  all?  ( )n  the  con- 
trary, is  it  not  a  thing  that  might  l)e  expected  now  and  then?  Certainly, 
we  know  of  records  of  thousands  of  cases  of  soldiers  who  developed 
mental  symjjtoms  at  a  most  convenient  time  for  them— on  the  eve  of 
battle.  I  believe  the  same  reasoning  which  will  explain  the  development 
of  symptoms  in  these  soldiers  is  sufficient  to  ex])lain  the  svm])toms  of 
those  facing  a  criminal  charge.  The  soUlier  feels  his  total  inade(|uacy, 
he  sputters  and  goes  wrong,  just  as  physical  machinery  might  do  when 
overloaded  and  so  thoroughly  inadequate  for  what  it  is  called  on  to  do. 
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He  (leveloi^s  one  of  many  mental  symptoms,  hysterical  for  the  most 
part.  A  man  accused  of  crime,  having  no  defense,  might,  one  would 
suppose,  now  and  then  show  a  mental  reaction  similar  to  that  exhibited 
by  soldiers.  However,  a  priori  argument  such  as  this  will  not  suffice 
to  establish  the  genuiness  of  the  cases  I  propose  to  report;  so  I  submit 
the  evidence. 

REPORT     OF     CASES 

Cask  \.— History.— A  woman,  aged  45,  had  been  married  sixteen  years  and 
was  the  mother  of  two  girls,  aged  13  and  15,  respectively.  For  ten  years  past, 
there  had  lieen  growing  domestic  discord.  Differences  between  herself  and  her 
husband  had  increased;  they  grew  more  and  more  apart,  and,  at  this  time 
(1917),  the  husband  was  asking  for  separation.  Neither  charged  the  other  with 
marital  infidelity. 

The  husl)and.  a  business  man  of  great  ability,  had  married  his  wife  shortly 
after  coming  out  of  college.  Since  that  time,  he  had  steadily  progressed  in  his 
profession  liy  liard  work  and  great  industry,  until  he  had  attained  a  high  posi- 
tion. The  wife  was  a  simjile.  light-hearted  girl  of  limited  mental  capacity, 
fond  of  clothes,  automol)iles,  ])retty  things  of  all  sorts,  'ilie  husl)and  grew 
prodigiously;  the  wife  stood  still  mentally.  The  husl)and  became  impatient  at  the 
pettiness  of  his  wife  and  tlie  little  things  that  ahsorI)ed  her  and  her  wliims  and 
fancies.  The  wife,  on  her  part,  felt  that  the  husl)and  was  liecoming  less  and 
less  interested  in  her  and  more  and  more  absorl)ed  in  his  l>usiness,  and  she 
complained  bitterly  of  loneliness  and  neglect.  Two  years  previously,  the  wife, 
nervous  and  upset,  was  sent  to  a  summer  resort  with  a  relative;  and  while  at 
this  place  she  wrote  to  her  husl)and  a  very  strange  letter,  in  which  she  dealt 
much  witli  sex  matters— of  things  which  she  thought  the  children  ought  to  know. 
This  letter  sliowed  a  mind  disconnected,  vague,  hazy  and  distinctly  delusional. 
It  appeared  like  the  record  of  a  dream.  Shortly  after  this,  a  hearing  was  held 
to  determine  whether  the  father  or  mother  should  have  the  custody  of  the 
children,  and  at  this  hearing  the  letter  referred  to  was  exhibited.  Several 
opinions  were  expressed  by  physicians  who  testified  at  this  time,  one  stating 
that  she  was  insane,  one  that  she  was  highly  wrought  and  hysterical  and  another 
that  she  suffered  from  dementia  praecox.  Still  another  testified  that  she  was  an 
imliecile. 

Examination.— At  the  time  I  met  the  patient,  two  or  three  years  after  the 
episode  and  hearing,  I  had  several  long  interviews  with  her.  .\t  no  time  (h'd  she 
exhibit  any  delusions  whatsoever.  She  told  in  simple  language  of  the  estrange- 
ment l)etween  herself  and  her  husband  as  indicated  in  the  early  part  of  this 
history.  She  talked  quietly  and  with  composure.  Never  did  she  exhibit  great 
feeling— at  least  her  feelings  were  always  within  control.  When  confronted 
with  this  strange  letter  referred  to,  she  stated  that  she  considered  it  thoroughly 
crazy  and  that  she  did  not  know  how  she  could  have  written  such  a  letter,  that 
her  explanation  was  that  she  was  under  such  a  strain,  facing  separation  from 
her  children  and  her  husband,  that  she  did  not  know  what  she  was  doing. 

Her  conversation  to  me  indicated  the  mind  of  a  simple-minded  woman  of 
meager  education  and  with  interests  limited  to  the  smaller  things  of  home  and 
family. 

Outcome. — At  my  suggestion,  the  mother  took  her  two  girls,  with  a  trained 
nurse  to  keep  in  touch  with  her  and  to  assist  her.  This  arrangement  did  not 
obtain  very  long.     'Hie  final  upshot  of  the  case  was  that  a  divorce  was  granted 
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a  little  while  subsequently.  In  recent  conversation,  a  sensible  woman  who  has 
known  the  patient  from  childhood  told  me  that  she  does  not  consider  her  in  any 
way  out  of  the  ordinary,  although  she  recognizes  that  the  patient  is  a  woman 
of  limited  mental   equipment. 

My  idea  of  the  case  is  briefly  this:  A  man  of  great  potential  mental 
growth  marries  a  simple-minded  girl.  The  man  grows  very  rapidly.  He 
IS  absorbed  in  his  business.  More  and  more  he  finds  his  wife  uncom- 
panionable. She,  in  turn,  likes  the  petty  things  of  life ;  she  lives  in  a 
smaller  atmosphere  of  the  small  town  and  finds  adjustment  more  and 
more  difficult  in  a  large  city.  The  husband  and  wife  grow  apart.  The 
mental  operations  of  the  wife,  simple  in  character,  are  insufficient  to 
adjust  themselves  to  the  new  life  and  new  environment.  The  thing  is 
iielped  along  probably  by  the  husband's  inconsiderateness  and  unwill- 
ingness to  sympathize  with  his  wife's  situation.  Things  grow  more 
and  more  tense,  and  while  in  a  state  of  great  tension,  and  when  the 
question  of  separation  is  pending  and  the  matter  of  the  control  of  the 
children  is  at  issue,  this  woman  goes  to  a  resort  away  from  home,  at 
her  husband's  suggestion,  and  while  at  this  place  she  writes  him  a  letter 
which  is  sexual  in  complexion  and  delusional  in  character,  with  many 
fantastic,  dream-like  references.  Standing  alone,  it  would  suggest  to 
any  alienist,  I  believe,  that  the  writer  thereof  was  affected  with  dementia 
praecox. 

Afterward,  the  patient  herself  thoroughly  repudiates  this  letter, 
msisting  that  it  was  a  dream  or  fantasy,  and  that  she  had  no  idea  how 
she  could  have  written  it.  In  other  words,  her  insight  seemed  excel- 
lent. She  exhil)ited  a  fairly  good  appreciation  of  the  whole  situation. 
This  woman  of  simple  mind — a  very  simple  mechanism,  one  cylinder 
mind — under  a  strain  of  the  situation,  developed  a  dementia  praecox 
episode.  This  quickly  disappeared,  leaving  her  the  same  simple-minded 
woman  that  she  was  before. 

Case  2. — History. — A  man,  aged  about  42,  had  been  in  a  promoting  scheme 
which  required  much  juggling  and  adjusting  and  readjusting,  and  constant 
manipulation  and  many  complicated  financial  operations.  Things  went  from 
bad  to  worse,  and  finally  his  schemes  collapsed.  He  was  arrested  (Octoljer, 
1916)  and  taken  to  jail.  Here,  he  suddenly  lost  his  memory.  He  talked  no 
longer  of  recent  events,  but  of  1900  and  events  prior  to  that  time.  He  was 
removed  to  a  hospital  under  the  care  of  Dr.  McKennan,  who  invited  me  to 
study  the  case  with  him  and  to  whom  I  am  indebted  for  permission  to  report  it. 

Exawiuation. — On  my  first  examination,  I  found  the  patient  in  lied  with  his 
eyes  almost  closed.    He  is  a  tall  man,  rather  slender,  thin  and  pale. 

His  mental  attitude  was  that  he  was  26  years  old,  living  in  Ohio  in  the  year 
1900.  Many  and  various  questions  were  put  to  him  in  different  form  and  always 
brought  out  replies  consistent  with  this  idea.  He  never  once  failed.  He  always 
made  replies  when  questioned,  but  initiated  no  conversation.  '1  he  following  is 
a  record  of  questions  and  answers: 
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Q.  Please  open  your  eyes. 

A.  I  cannot,  they  are  nailed  down.  There  is  a  piece  out  of  the  back  of  my 
head  and  plugged  in  with  wood. 

Q.  How  old  are  you? 

A.  26. 

Q.  Where  are  you  now? 

A.  Blankville,  Ohio. 

Q.  No,  you  are  in  the  hospital.     Don't  you  know  that? 

A.  No,  I  am  in  Blankville,  Ohio. 

Q.  What  season  of  the  year  is  it? 

A.  I  don't  know,  but  it  is  cold  and  there  is  a  lot  of  snow  on  the  ground. 

Q.  How  old  are  you?   (repetition.) 

A.  26. 

Q.  When  were  you  born? 

A.  In  1875. 

Q.  Then  you  are  42  years  old? 

A.  No,  I  am  26. 

Q.  I  suppose  you  are  a  great  deal  upset  by  these  charges  of  embezzlement 
against  you? 

A.  I  do  not  know  anything  about  these  things. 

Q.  Can  you  walk? 

A.  Yes.  (The  patient  was  gotten  out  of  bed  and  on  his  feet  with  some  dif- 
ficulty ;  in  an  aimless,  uncertain  way,  like  a  wooden  man  or  automaton,  he  tried 
to  walk,  always  with  his  eyes  closed  as  when  I  entered  the  room.  He  bumped 
against  the  wall.  Imt  not  at  all  hard.  He  seemed  relieved  when  guided  back 
to  bed.) 

Q.  How  much  are  1  Y,!"^- 

A.  49. 

Q.  9X9? 

A.  81. 

Q.  81  +  14? 

After  much  hesitation  and  several  questions,  he  replied  "95."  He  said  he 
was  weary. 

Q.  Are  you  married? 

A.  Yes. 

Q.  How  many  children  have  you? 

A.  One  daughter,  2  years  old. 

Q.  When  did  you  come  here  ? 

A.  I  have  always  been  here.    This  is  ]>lankville,  Ohin. 

During  my  first  examination,  the  iiouse  physician  and  a  detective  were  in 
the  room.  I  asked  the  detective  as  to  the  patient's  behavior  and  his  replies.  He 
told  me  that  they  were  exactly  as  he  had  often  repeated  them.  He  lay  always 
exactly  as  I  had  seen  him.  During  part  of  my  examination.  I  leaned  with  my 
elbow  very  hard  on  his  arm,  pressing  harder  and  harder,  a  thing  that  with  any 
ordinary  person  would  cause  pain.  He  made  no  expression  of  pain.  Then 
again,  while  questioning  him,  I  pinched  him  in  various  parts  of  the  body  quite 
hard.  This  caused  no  expression  of  pain  whatever.  He  resisted  forcibly  the 
opening  of  the  eyelids.  The  pupils  were  rather  large  and  equal ;  both  responded 
to  light;  the  left  seemed  a  little  slower  and  when  it  contracted  was  distinctly 
oval  in  a  vertical  direction.  The  knee-jerks  were  present,  perhaps  a  little  plus. 
There  is  complete  analgesia,  which  is  universal. 
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This  man  was  examined  many  times  suliseqncntly.  and  his  replies  were 
always  the  same.  He  said  tliat  McKinley  was  president  and  could  correctly 
state  any  ordinary  event  in  the  year  1900.  I  examined  and  made  many  tests 
subsequently  and  the  results  were  always  the  same.  His  conduct  was  one  day 
exactly  like  that  of  another. 

Two  symptom.s  which  he  exhibits,  \'orbeireden  (speaking  beside 
the  mark)  and  Dammerzustand  (twiHght  consciousness),  have  been 
considered  by  a  number  of  writers  as  strongly  indicative  of  an  hys- 
terical psychosis ;  and  the  universal  analgesia  also  points  this  way. 
Moreover,  the  amnesia  itself  and  the  general  complexion  of  the  mental 
makeup  also  point  in  the  same  way. 

The  man's  psychosis  may  be  considered  as  reaction  to  his  environ- 
ment-— an  expression  of  inadequacy  to  meet  the  demands  of  the  pres- 
ent situation,  precisely  as  in  the  case  of  many  of  oin'  soldiers. 

I  look  on  this  case  as  an  hysterical  psychosis.  This  psychosis  might 
afterward  appear  as  preliminary  to  dementia  praecox ;  but  I  am  at  pres- 
ent inclined  to  the  view  that  such  will  not  prove  to  be  the  case ;  rather, 
It  will  show  itself  as  a  purely  hysterical  psychosis. 

Prognosis :  I  am  inclined  to  believe  that  this  man  will  continue  in 
this  present  condition  indefinitely,  although,  of  course,  I  realize  the 
possibility  that  he  may  at  almost  any  time  show  some  awakening  or 
some  verv  marked  change  of  some  sort. 

Subsequent  Xofes. — Xov.  4,  1918:  His  replies  were  always  the  same.  He  told 
us  that  McKinley  was  now  president.  He  recognized  no  events  occurring  since 
1900.  Sensation  to  pain  was  absolutely  obliterated.  He  made  no  response  to 
most  painful  tests.     Knee-jerks  and  arm-jerks  were  all  e.xaggerated. 

Xov.  8 :  I  had  seen  the  patient  every  day  or  two  since  the  last  note.  His 
conduct  was  precisely  the  same.  Eyes  closed,  he  made  no  conversation  except 
to  reply  to  questions.    He  constantly  said  that  he  was  tired  and  he  looked  so. 

Soon  after  last  note  the  patient,  in  the  condition  described,  was  removed 
to  the  count}'  jail,  where  he  remained  a  considerable  time.  Here  all  sorts  of 
tests  were  tried,  to  expose  the  assumed  "shamming"  of  tlie  patient.  The 
removal  to  the  jail  seemed  a  cruel  procedure. 

Dec.  23.  1921  :  The  papers  stated  that  this  case  was  coming  up  for  trial  and 
that  the  patient  seemed  ready  to  talk. 

C.^SE  3. — History. — A  man,  aged  57,  was  arrested  in  Pittsl>urgh  for  fraudu- 
lent promotion  of  stock,  and  was  taken  out  on  bail  and  committed  to  St. 
Francis  Hospital  for  investigation  as  to  his  mental  condition.  The  following 
history  was  furnished  me: 

This  man  had  been  a  stock  promoter  and  l)uilder,  intcrestctl  in  high  finance 
for  twenty-five  years.  He  talked  always  of  large  sums  and  fal)ulous  wealth, 
and  before  one  enterprise  was  completed  he  was  going  on  to  another.  He  had 
organized  many  companies,  some  of  them  successfully.  He  was  always 
extremely  optimistic.  On  one  occasion,  he  paid  $50,000  for  an  option  on  a 
steel  company,  and  then  never  went  near  the  place.  Lately  he  had  organized 
a  chain  of  steel  companies  to  beat  the  U.  S.  Steel  Company.  Everybody  was 
against  him — the  l>anks,  the  U.  S.  Steel   Company,  etc.     In  1896  he  sold  3.600 
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bicycles,  when  he  did  not  have  one  that  could  he  delivered.  He  always  felt 
things  could  be  done  and  could  l)e  delivered.  He  organized  a  rolling  mill  which 
made  enormous  amounts  of  money  for  the  stockholders— $10,000  for  every  $100 
invested. 

He  organized  a  company  with  a  capital  of  $3,000,000.  He  doubled  the  capital 
and  then  doubled  it  again  and  sold  stock  at  a  great  rate,  really  a  valual)le  and 
substantial  thing;  but  he  made  very  exaggerated  statements  concerning  it.  He 
showed  a  picture  of  the  plant  having  thirty  smokestacks,  when  it  really  had  only 
13.     He  was  never  almshed  or  embarrassed  if  a  false  check  was  returned. 

He  did  not  smoke,  but  for  several  years  past  he  had  been  drinking.  He  had 
no  religious  convictions.  He  was  educated  in  the  common  schools  and  liad  had 
one  year  in  college.  He  kept  his  family  in  a  niggardly  way  and  his  wife  knew 
nothing  of  his  speculations.  He  spent  lavishly  on  a  mistress  here  and  another  in 
New  York  and  had  been  very  free  with  women  generally.  He  was  full  of  energy, 
a  man  of  constant  activity.  He  was  thoroughly  sure  of  himself  in  all  respects. 
His  great  aim  was  to  be  a  billi(jnaire— and  he  did  not  care  how. 

E.xambuxt'wn.—O^'L.  18,  1920:  I  saw  this  man  at  the  hospital.  He  talked 
freely  and  glibly  of  millions  and  how  he  was  going  to  comI)ine  the  iron  and 
steel  companies  into  one  huge  corporation  which  would  rival  the  U.  S.  Steel 
Company.  He  spoke  of  the  U.  S.  Steel  as  being  jealous  of  him.  October  19.  he 
said  he  had  just  figured  out  that  he  was  worth  $4,000,000  more  than  he  supposed 
the  day  before.  He  said  test  phrases  badly,  especially  "truly  rural"  which  he 
calls  "truly  royal."  He  failed  in  simple  questions,  although  he  sometimes 
answered  them  correctly.  There  was  marked  tremulousness  about  the  face. 
He  himself  complained  of  his  memory  (October  19).  saying  it  was  bad.  He 
mentioned  that  at  one  time  he  got  on  the  wrong  train  and  went  to  a  different 
part  of  the  country  from  that  he  had  intended  to  visit. 

The  knee-jerks  were  exaggerated.  The  pupils  responded  to  light  but 
slowly ;  they  were  equal.  The  man  made  no  complaint  of  being  in  St.  Francis. 
He  seemed  to  be  absorbed  in  his  figures  and  oblivious  to  his  surroundings. 
Wassermann  tests  of  the  blood  and  spinal  fluid  were  ordered. 

October  20:  This  man's  wife  called  at  the  office  with  her  17-year-old 
daughter.  They  said  that  for  some  months  past  he  had  been  nervous  and  lost 
many  pounds  in  weight.  He  could  not  stand  still  five  minutes.  He  was  con- 
stantly figuring  and  talking  of  mills.  Recently,  they  could  not  locate  him  for 
four  or  five  days  and  did  not  know  where  he  was.  They  said  that  for  six 
months  or  even  more  his  memory  had  been  failing  and  he  often  repeated,  that 
now  he  had  "no  memory."  He  wakened  quickly  at  night.  They  noticed  no  dif- 
ference in  his  dress— he  had  never  cared  for  dress.  The  daughter  thought  that 
there  was  a  difference  in  his  articulation ;  but  this  was  not  noticed  by  the  wife. 
They  asked  whether  he  might  go  insane.  They  stated  that  while  sitting  at  the 
telephone  he  had  fallen  over;  l)ut  as  this  occurred  during  a  storm  it  was 
attributed  to  an  electric  shock. 

October  21  :  The  patient  was  examined  yesterday,  and  the  same  faults  in 
spelling  and  articulation  noted.     He  was  examined  by  Dr.  W.  H.  Mayer  also. 

October  28:  I  visited  him  yesterday  and  he  offered  to  put  me  in  a  business 
where  I  could  easily  be  worth  $5,000,000  shortly.  He  offered  Dr.  Mayer  a 
chance  to  make  $10,000,000. 

Dr.  Ernest  Willetts  took  blood  and  spinal  fluid  and  reported  to  me  that  all 
tests,  including  tlie  Wassermann.  were  entirely  negative. 
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November  3:  I  saw  the  patient  yesterday  and  lie  was  Imsy  with  his  plans 
for  mills.  He  thought  the  best  situations  were  New  York  and  Detroit.  He  had 
figured  out  that  the  profits  would  be  63  per  cent,  in  one  mill,  which  was  not  so 
good  as  70  per  cent,  in  another  mill  whicli  was  actually  going.  He  admitted 
consuming  large  quantities  of  alcohol.  The  general  physical  condition  was 
about  the  same;  the  patient  was  as  optimistic  as  ever. 

Diagnosis. — Paresis,  pseudo-alcohol. 

Feb.  2,  1921 :  The  large  abscess  on  the  neck  which  was  evacuated  a  month 
before  had  healed.  During  the  time  it  was  in  evidence,  the  patient  did  very- 
little  figuring,  but  recently  he  had  begun  figuring  on  a  chain  of  mills  through- 
out the  country.  The  other  morning,  he  offered  to  make  the  lawyer  and  the 
doctor  and  some  others  directors  of  his  company  and  furnish  them  with 
abundance  of  his  stock.  I  noted  several  sheets  which  he  handed  me,  indicating 
the  various  profits  which  he  might  make. 

February  10:  Lal)oratory  tests,  made  Fel)ruary  7,  revealed:  Blood  Wasser- 
mann.  negative:  spinal  fluid  Wassermann,  negative;  Noguchi,  negative;  cell 
count.  2;  globulin,  negative;  colloidal  gold,  .0011. 

Dr.  W.  H.  Mayer  and  I  held  a  conference  and  agreed  that  this  man  was  in 
a  condition  of  manic  excitement  with  paranoid  trend,  that  he  was  insane  and 
unable  to  carry  on  his  business  at  the  present  time. 

February  16:  The  case  was  up  in  the  court  and  application  was  made  for 
a  guardian  for  the  patient's  estate.  There  is  no  opposition,  indicating  that  the 
motion  would  probably  be  granted. 

June  7 :  This  case  came  up  in  court  for  hearing  and  I  testified  that  so  far 
as  I  was  able  to  judge  the  man  had  recovered.  I  mean  he  had  returned  to  his 
real  state  of  health — a  moral  iml)ecilc  or  moron. 

June  20:  The  man  left  the  hospital,  June  7.  and,  being  unable  to  raise  the 
bail  of  $25,000,  he  was  placed  in  jail. 

November  22 :  Patient  was  convicted  recently,  and  a  new  trial  was  asked 
for.  At  the  trial,  the  patient  showed  the  same  optimism  that  he  had  exhibited 
all  along.  He  never  for  a  moment  doubted  the  favorable  outcome  of  the  trial, 
and  when  it  w-as  actually  unfavoral)lc,  be  never  doubted  there  would  l)e  a 
reversal  by  the  Supreme  Court  and  things  would  come  out  all  right  finally.  He 
was  the  most  irrepressible  constant  fiptimist. 

1  Ijelieve  the  situation  was  as  follows:  Here  was  a  man  who  was  a 
born  ]:)romoter.  He  had  all  the  makeu])  for  a  })romoter — quickness, 
alertness,  suavity,  plausibility — altogether  a  ])romoter  by  birth.  The 
strenuous  life  of  a  promoter,  with  cf)nsiflerable  dissipation^  was  fol- 
lowed by  colla])se,  shock,  arrest.  Tlie  man  was  still  a  promoter  and 
optimist ;  but  he  was  unnerved,  shaken,  tremulous  and  in  hypomaniacal 
state,  with  exhaustion.  He  sugi^ested  paresis  to  examiners.  Afterward, 
the  tremulous  .speech  and  exaggerated  knee-jerks  disappeared.  Labo- 
ratory tests  were  negative.  Tlu'  man  came  down  to  the  plain  optimist 
and  born  promoter  he  always  was  and  always  will  be.  He  undoubtedly 
sutTered  from  a  p.sychosis.  Here,  again,  the  a])pcarance  of  it  was  very 
oi)portune  for  the  victim  as  it  was  in  the  other  case,  but  that  it  should 
occur  at  this  convenient  time  seems  psychologically  plain  enough  when 
the  history  of  the  case  is  fully  considered. 
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CONCLUSIONS 

We  liave  here  three  cases,  two  persons  developing  mental  symptoms 
when  accused  of  crime  and  one  when  facing  a  divorce  case — at  criti- 
cal times  in  life.  In  all  three  cases,  the  strain  on  the  mentality  of  the 
individual  was  heyond  the  Ijreaking  point,  and  the  hreak  occurred  in 
each  case.  I  think  that  the  genuineness  of  these  cases  cannot  be 
questioned. 

In  one  case,  the  break  produced  a  profound  hysterical  state ;  in 
another  case  the  mental  condition  was  more  or  less  manical  in  charac- 
ter, but  had  a  paranoid  complexion  and  presented  more  or  less  evi- 
dence of  physical  and  psychic  exhaustion.  In  the  third  case,  when  the 
break  came,  the  symptoms  produced  were  those  of  episodal  dementia 
praecox. 

In  two  cases,  the  symptoms  occurred  apparently  opportunely  in  indi- 
vidtials  accused  of  crime ;  whereas  in  the  third  case,  they  occurred 
inopportunely  in  a  woman  facing  separation  from  her  husband  and 
children ;  and  yet  all  three  are  alike  in  this — that  they  represent  mental 
breaks  in  individuals  confronted  by  a  great  crisis  in  life,  exhibiting  in 
a  marked  way  the  individual's  inadequacy  to  meet  the  crisis  in  these 
several  situations. 

DISCUSSION 

Dr.  Willi.vm  A.  White,  Washington:  This  medico-legal  sul)ject  is  a  large 
one,  1)ut  it  cannot  lie  met  adequately  any  longer  by  attempting  to  divide  all 
offenders  into  two  classes :  the  psychotic  or  the  defective  on  the  one  hand 
and  the  malingerers  and  the  guilty  on  the  other.  In  order  to  handle  this  group 
intelligently,  we  need  new  concepts  with  regard  to  these  people.  They  should 
be  managed  in  a  manner  similar  to  the  method  used  with  patients  in  mental 
hospitals. 

The  natural  comment  is  that  if  all  of  these  people  are  considered  more  or 
less  defective  mentally  or  as  problems  of  behavior,  the  criminal  will  not  receive 
any  punishment.  However,  on  looking  over  the  statistics  of  our  prison  popula- 
tion, I  discovered  that  the  average  patients  who  enter  our  prison  department 
spend  two  and  a  half  times  as  much  time  in  the  hospital  as  they  would  have 
spent  in  prison  had  they  served  out  their  sentence.  Therefore,  the  man  who 
enters  an  institution  as  a  liehavioristic  problem  stays  longer  than  he  would  stay 
in  prison,  if  he  had  been  sent  there  under  sentence. 

If  we  eliminate  the  question  of  guilt  or  innocence,  and  do  not  consider 
the  hate  reaction  and  the  necessity  of  punishing  these  men,  using  the  more 
pragmatic,  practical  method  of  restraining  people  who  are  antisocial  during  the 
period  that  they  are  antisocial,  irrespective  of  whether  they  are  suffering  from 
dementia  praecox  or  are  malingerers  or  defectives,  we  shall  l)e  able  to  solve 
all  antisocial  problems  in  a  fair  manner. 

Dr.  Charles  R.  Ball,  St.  Paul :  I  agree  witli  Dr.  White.  We  have  spent 
too  much  time  considering  the  mental  and  affective  reactions  of  hysteria  and  the 
psychoses,  and  very  little  in  studying  similar  reactions  in  the  criminal  and  other 
antisocial  personalities.  Sympathy  of  the  sentimental  and  morbid  type  is  play- 
ing  a    larger   role    in   dealing    with   our   criminal    and    antisocial    classes    than 
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scientific  diagnosis  and  prognosis.  When  a  jjatient  is  committed  to  a  state 
institution  for  the  insane,  the  question  of  his  release  is  left  to  the  superintendent. 
It  depends  entirely  on  whether  the  mental  condition  has  improved  sufiiciently  to 
enable  him  to  live  again  in  his  own  environment,  without  danger  to  it  or  them- 
selves. We  should  apply  exactly  the  same  methods  of  diagnosis  and  prognosis 
in  our  dealings  with  the  criminal  classes  that  we  do  in  dealing  with  other 
defectives. 

Dr.  Charles  K.  Mills,  Philadelphia  :  As  I  understand  Dr.  Diller's  paper,  it 
is  chiefly  a  plea  that  individuals  such  as  he  described  be  not  considered  alto- 
gether malingerers.  I  have  no  doubt  in  a  certain  sense  that  they  are  genuine 
enough. 

Unfortunately  for  us,  our  statutes,  laws  and  decisions  represent  too  hard  and 
fast  lines  for  our  growing  jurisprudence.  The  question  of  partial  responsibility 
is  not  recognized  fully  in  many  courts,  and  I  have  a  certain  sympathy  with 
the  position  which   Dr.  Diller  has  taken. 

Dr.  Colix  K.  Russell,  Montreal :  It  is  very  difficult  to  differentiate  between 
the  physiologic  and  the  psychologic,  and  the  prolilem  of  the  psychoses  still 
remains  obscure.  One  may  describe  it  as  a  relative  inadequacy  to  meet  a 
situation,  but  that  does  not  mean  a  great  deal.  At  the  beginning  of  the  World 
War,  men  tried  to  perform  their  duty,  with  the  desire  to  acquire  honor  and 
merit,  and  thereby  got  themselves  into  a  situation  that  they  were  absolutely 
incompetent  to  meet.  Much  as  they  had  given  up  to  follow  the  dictates  of  duty, 
thej-  failed  because  they  were  inadequate.  Examination  in  some  cases  pointed 
definitely  to  a  physiologic  inadequacy,  but  it  is  impossible  to  sound  completely 
the  depths  of  the  human  mind,  and  one  could  never  be  sure  how  much  their 
motives  were  conscious  or  how  much  the  condition  was  psychologic  and  how 
much  physiologic,  and  one  was  surprised  in  some  cases  at  the  result  of  psycho- 
therapy. 

Until  we  can  draw  a  more  definite  line  between  these  two  conditions,  it  is 
ineffective  to  discuss  this  sort  of  problem.  In  our  present  situation,  I  feel  that 
it  is  very  necessary  to  retain  capital  punishment,  for  instance,  "pour  encourager 
les  autres." 

Dr.  Adolf  Mever,  Baltimore :  This  seems  to  be  something  of  an  illustration 
of  the  training  and  education  which  wc  need  in  formulating  problems  of  per- 
sonality and  also  the  very  difficult  problems  of  the  strictly  neurologic  issue. 
It  is  clearly  stepping  into  the  realm  of  relativities  to  enter  on  any  part  of  the 
symbolizing  level.  It  is  imperative  that  we  recognize  this  and  l)e  trained  to 
impart  that  information,  so  that  there  will  Ije  no  false  expectation  of  our  ever 
wanting  to  get  sharp  lines.  We  must  formulate  the  facts  and  avoid  terminology 
and  promises  of  absolute  solutions,  and  probably  we  shall  reach  what  Dr.  White 
has  suggested. 

Dr.  Diller  (closing)  :  It  seems  that  the  main  lesson  to  be  drawn  from 
consideration  of  these  cases  is  the  great  danger  of  a  priori  reasoning.  The  physi- 
cian must  guard  against  prejudging  the  case  until  he  obtains  all  the  information. 


DIAGNOSTIC     VALUE     OF     BLOOD     SUGAR     CURVES 
IN     NEUROLOGY 

SIDNEY     I.     SCHWAB,    M.D. 

ST.   LOUIS 

This  study  was  begun  with  the  idea  of  ascertaining  whether  charac- 
teristic sugar  curves  were  found  in  instances  of  suspected  glandular 
anomalies,  for  the  purpose  of  diliferentiating  one  type  from  another 
through  the  curve  characteristics.  The  only  thing  of  value  discovered 
was  a  low  sugar  curve  and  an  increased  tolerance  in  some  cases  in 
which  dysfunction  of  the  pituitary  was  evident.  In  such  instances  the 
diagnostic  value  of  the  curve  was  of  little  importance  when  contrasted 
with  other  symptoms  and  findings.  As  this  work  went  on  it  became 
evident  that  some  other  factor  was  present  which  produced  curves 
of  a  distinctly  abnormal  kind  in  cases  which  showed  no  clinical  evidence 
of  glandular  dysfunction.  This  element  by  exclusion  was  thought  to  be 
some  kind  of  mental  anomaly  associated  with  or  originating  from 
emotional  abnormality.  Of  particular  importance  in  this  early  series 
of  cases  were  states  of  anxiety,  fear,  apprehension,  repression  and 
conditions  to  which  the  term  depression  was  given.  In  many  instances 
a  high  sugar  curve  was  found.  There  was  nothing  in  cases  of  this 
kind  to  cause  a  deviation  from  the  normal  except  the  mental  state. 
General  and  neurologic  findings  in  these  patients  were  uniformly 
negative.  The  curves  were  tabulated  as  a  possible  aid  in  differential 
diagnosis.  About  this  time  F.  H.  Kooys'  article  on  "Hyperglycemia 
in  Mental  Disorders"  came  to  my  attention.  The  significant  point  in 
this  paper  is  the  conclusion  that  the  emotional  state  is  responsible  for 
the  altered  types  of  curves,  no  matter  what  particular  type  of  disease 
the  patient  clinically  presents.  This  conclusion  appeared  to  confirm  the 
observations  made  in  our  early  preliminary  series. 

The  study  of  sugar  curves  was  then  extended  for  the  purpose  of 
answering  several  questions  naturally  arising: 

1.  Are  characteristic  types  of  curves  found  in  certain  diseases  and 
not  in  others? 

2.  Have  these  curves  any  diagnostic  value? 

3.  Is  emotion  in  a  broad  sense  the  factor  of  consequence? 

4.  Are  sugar  tolerance  studies  of  sufficient  value  neurologically  to 
make  the  procedure  routine  in  all  cases? 

5.  Have  blood  sugar  curves  any  prognostic  or  therapeutic  value? 

6.  What  physiologic  and  chemical  mechanism  produces  such  curves  ? 
In  order  to  answer  these  questions  an  unselected  series  of  neuro- 

psychiatric  cases  were  studied  in  reference  to  sugar  tolerance  curves. 
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From  these  were  excluded  those  in  which  sugar  values  might  be 
influenced  by  other  than  neurologic  factors.  Diabetes,  acute  infectious 
diseases,  thyroid  abnormalities,  gastro-intestinal  diseases,  hypertension, 
etc.,  were  excluded.  About  150  instances  fell  in  the  category  of  primary 
neurologic  cases,  and  these  form  the  material  on  which  this  study  is 
based.  An  analysis  of  this  material  shows  that  it  includes  all  the 
ordinary  neuropsychiatric  diseases  such  as  might  be  admitted  into  the 
neurologic  service  of  a  general  hospital.  Thirty-eight  were  frankly 
psvchoses ;  that  is,  cases  in  which  the  mental  symptoms  dominated  the 
picture.  The  neuroses  are  next  in  number;  then  come  epilepsies,  brain 
tumors,  cerebrospinal  syphilis,  encephalitis  and  other  types  of  organic 
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Chart   1. — Normal  bluod   sugar  curves  preceded  by  twelve  hours  of  fasting; 
findings  given  at  the  end  of  one,  two  and  three  hours. 


nervous  diseases.  These  cases  were  all  studied  under  hospital  condi- 
tions and  were  put  thrfjugh  the  neurologic  routine  usual  in  the  neuro- 
logic service  of  the  Barnes  Hospital.  The  laboratory  work  was  carried 
out  under  the  direction  of  Dr.  Olmstead,  head  of  the  metabolic  ward 
of  the  hospital.  This  work  was  done  under  exactly  the  same  conditions, 
so  far  as  technic  was  concerned,  as  was  used  in  the  study  of  a  series 
of  cases  published  by  him  recently  under  the  title  of  "A  Study  of 
Blood  Sugar  Curves  Following  a  Standardized  Glucose  Meal."  This 
paper  is  referred  to  for  the  laboratory  technic  and  methods.  Atten- 
tion should  be  called  to  the  fact  that  in  this  series  of  cases  two  methods 
of  sugar  determination  were  used — Meyers  and  Bailey's  modification 
of  the  Benedict  and  the  Hartm.an-SchaflFer ;  one  is  a  calorimelric  and 
the  other  a  trituration — an  iodometric.     Although  there  is  a  difiference 
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Chart  2.— Blood  sugar  curves  from  a  group  of  patients  with  psychoses  after 
twelve  hours  of  fasting.  1,  manic-depressive  cases;  2  and  6,  dementia  praecox;, 
3,  toxic  disorientation;  4,  psychosis  (hallucinosis);  5,  senile  psychosis;  7, 
deterioration;  8,  depression  (paranoid)  ;  9,  organic  dementia;  10,  depressed  state 
(suicidal). 
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in  the  amount  of  sugar  percentage  obtained,  the  Hartman-Schaffer 
giving  a  consistently  higher  value,  the  characteristics  of  the  curve  are 
not  altered.  The  typing  of  curves,  therefore,  can  be  used  without 
reference  to  the  technic  employed.  In  the  series  of  cases  here  studied 
a  normal  curve  was  first  obtained  as  a  laboratory  standard  and  a 
clinical  control  by  the  study  of  five  normal  persons  and  a  series  of 
about  forty  patients  in  the  hospital  who  showed  no  demonstrable  cause 
for  disturbed  glycogenic  function.  These  curves  agree  with  those  of 
other  observers.     Figures  for  the  normal  curve  are  as  follows :     After 
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Chart  3. — Blood  sugar  curves  from  a  group  of  patients  with  neuroses  after 
twelve  hours  of  fasting.  1,  4  and  5.  hypochondriasis;  2,  psychasthenia ;  3, 
neurasthenia;  6,  hysteria. 


a  twelve  hour  fasting  period  the  blood  sugar  shows  a  variation  from 
0.09  to  0.1  ;  after  one  hour  from  0.14  to  0.19;  after  the  second  hour 
from  0.08  to  0.12;  after  the  third  hour  from  0.06  to  0.12  per  cent. 
All  curves  which  deviated  in  any  considerable  manner  from  these 
normals  were  regarded  as  atypical.  In  the  study  of  abnormal  types 
of  curves  particular  attention  was  directed  to  two  variations.  First 
the  high  sugar  content  after  the  first  hour ;  second,  the  sustained 
elevated  curve  and  the  lovv  sugar  value  throughout  the  three  hours. 
These  represent  the  three  extremes  on  which  a  diagnostic  value  might 
be  based.  The  initial  hyperglycemia  after  fasting  was  considered  of 
physiologic  interest  only,  as  was  its  opposite — a  low  one ;  that  is.  a 
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hypoglycemia.     Minor  variations  of  all  sorts  which  allered  the  normal 
appearance   of   the  curves   were   not   taken   into   consideration. 

In  the   group  of   the   psychoses   twenty    out   of   thirty-eight   cases 
showed  distinctly  abnormal  curves.     These  were  shown  by  two  things 

an  initial  rise   far  beyond  the  normal  and  a  .sustained  rise  beyond 

the  second  hour  and  often  no  return  to  the  normal  level.     It  is  sug- 
nificant  tliat  the  type  of  curve  had  absolutely  no  relation  to  the  clinical 
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Chart  4.— Blood  sugar  curves   from  a  group  of  patients  with   epilepsy  after 
twelve  hours  of   fasting.     1,  postepileptic  stupor;   2,   pituitary  disorder. 

picture  presented;  that  is.  there  was  no  curve  which  might  be  said  to 
represent,  for  example,  dementia  praecox,  or  manic  depression,  or  any 
other  condition.  The  patients  who  presented  clinically  a  dull,  apathetic, 
anxious,  or  depressed  state  seemed  to  show  on  the  whole  the  most 
definite  sugar  value  deviations.  No  diagnostic  value  other  than  this 
could  be  obtained. 

In  the  neuroses  group  of  twenty-five  cases   few  abnormal  curves 
were   found.      Six   curves   were   definitely   considered   abnormal;   two 
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of  these  should  be  excluded  on  account  of  complicating  factors.  Of 
the  three  remaining,  two  were  in  marked  cases  of  hypochondriasis  in 
which  the  anxiety  elements  were  pronounced.  This  is  of  some  interest 
as  it  supports  what  has  been  previously  pointed  out — that  of  all  the 
neuroses  this  t3'pe  approaches  more  nearly  a  psychosis  in  mechanism. 
Practically  no  case  of  hysteria  showed  any  abnormal  curves.  In  the 
group  of  patients  with  syphilis  of  the   nervous  system   no  abnormal 


p 

1 



"  7t        - 

if 

t\ 

^T 

t    X 

t       A 

22 

'             I       ^ 

lo                  7 

3     - 

^     ^   - 

18            j 

55^  \ 

^^^5  J^- 

\i>           f 

^     %  t- 

1       J 

r        \a- 

^  7-^7 

^^^^  ^- 

^t^ 

-^^-^^^  S 

i 

^~XJ^ 

^       ^^^' 

isg 

^ 

^ 

^tt^^ 

'i 

^^^^^ 

-^ 

k'"^ 

^ 

^ 

aZ 

\ 

s_ 

^ 

* 

.  ^ 

N 

N 

/ 

\ 

& 

s 

» 

1 

i 

m 

,^'i=^^  =  =  =  £ 

^iij-^ 

^ 

J^ 

J^ 

Chart  5. — Blood  sugar  curves  from  a  group  of  cereliral  tumors  after  twelve 
hours  of  fasting.     1,  mental   symptoms. 


curves  were  found  excei)t  in  instances  in  which  definite  psychotic  symp- 
toms were  present.  The  group  with  ])aresis  showed  no  abnormal  curves. 
In  almost  all  forms  of  epilepsy  the  curves  were  normal,  with  the  excep- 
tion of  one  or  two  instances  in  which  there  were  marked  mental  symp- 
toms. The  curves  in  cases  of  brain  tumor,  other  than  the  two  instances 
in  which  there  was  evidence  of  mental  symptoms,  were  normal.  The 
remaining   cases   of    organic   nervous    disease   cannot    be    classified    in 
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respect  to  curves.     They  showed  nothing  that  could   he  in   any  way 
connected  with  the  particular  disease  in  question. 

Certain  conclusions  are  fairly  ohvious,  and  I  believe  that  the  series 
itself  is  comprehensive  enough  to  give  a  broad  point  of  view  on  which 
the  value  of  this  procedure  might  be  based.  The  abnormal  types  of 
sugar  curves  were  found  chiefly  in  the  psychoses.  Their  occurrence 
in  the  neuroses  is  too  uncertain  and  too  scattered  to  be  seriously  con- 
sidered. Organic  diseases  of  themselves  do  not  affect  the  sugar  mech- 
anism sufficiently  to  alter  the  curve  value;  if  it  is  affected,  an  additional 
factor  has  entered  into  the  case.  Whenever  anomalous  curves  are 
found  outside  of  the  psychoses  there  is  evidence  also  of  an  abnormal 
mental  state,  usually  one  in  which  there  is  no  adequate  muscular  outlet. 
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Chart    6. —  Blood    sugar    curves    from    a    group    of    patients    with    epidemic 
encephalitis   after  twelve   hours   of   fasting. 

States  in  wdiich  there  is  a  good  deal  of  excitement  or  restlessness  do 
not  show  an  abnormally  high  curve.  Unusually  excited  patients  are 
not  included  in  this  series,  as  they  are  not  commonly  admitted  to  the 
neurologic  service  at  the  Barnes  Hospital.  The  low  curves  seen  in 
hypopituitarism  or  hypothyroidism  are  of  little  significance  in  material 
such  as  this,  because  the  neurologic  symptoms  here  present  are  not 
primary.  The  participation  of  these  glands,  as  well  as  of  the  thyroid 
gland,  in  abnormal  mental  states  is  a  matter  in  which  so  much  confusion 
of  opinion  exists  at  the  present  rime  that  no  adequate  conclusion  can 
be  formed 

It  is  believed  as  a  result  of  a  consideration  of  these  curves  that  it 
is  impossible  to  attach  characteristic  types  of  curves  to  one  type  of 
disease.     This   refers   to  the  psychoses  as  well   as  to  other  types   of 
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nervous  and  mental  disease ;  that  is,  there  is  no  specific  diagnostic  value 
in  any  one  type  of  curve.  The  most  that  can  be  said  is  that  the  group 
of  psychoses  as  a  whole  shows  by  far  the  largest  percentage  of  abnormal 
curves,  and  that  in  other  diseases  of  the  nervous  system,  whether 
organic  or  not,  in  which  atypical  curves  are  found,  the  most  reasonable 
causative  factor  seems  to  lie  in  the  kind  of  mental  reaction  that  is 
present. 
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Chart  7. — Blood  sugar  curves  from  a  group  of  patients  with  cerebrospinal 
syphilis  after  twelve  hours  of  fasting.  1,  dementia  praecox ;  2,  4  and  5,  paresis; 
3.  tabes. 


Sugar  curves  have  no  important  differential  diagnostic  value.  The 
one  factor  that  seems  to  stand  out  as  a  causation  in  the  modification  of 
sugar  curves  is  emotion,  or  rather  in  a  broad  sense,  the  emotional 
factor  in  the  patient's  abnormal  mental  processes ;  that  is,  states  of 
primary  depression,  anxiety,  apathy,  unconscious  conflict  processes 
appear  to  be  the  states  in  which  high  sugar  curves  are  almost  universally 
found.     The  purely  intellectual  defects,  such  as  are  seen  in  paranoid 
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states,  do  not  seem  to  produce  abnormal  types  of  curves.  On  the 
whole  it  might  be  said  that  deteriorating  processes  or  secondary  dement- 
incr  processes  do  not  of  themselves  cause  abnormal  sugar  values  in 
the  blood. 

Sugar  tolerance  studies  are  not  believed  to  be  of  sufficient  value 
neurologically  to  make  this  procedure  routine  in  all  cases.  The  whole 
technic  is  difficult  to  carry  out;  it  is  time  consuming,  often  disagreeable 
to  the  patient.  Therefore,  cases  should  be  selected  in  which  the  type 
of  sugar  curve  might  prove  of  some  value.  Just  what  this  value  might 
be  is  somewhat  difficult  to  say  at  the  present  time,  but  it  is  possible 
that  it  might  be  used  in  differentiating  cases  in  which  it  is  important 
to  find  out  whether  the  whole  picture  is  primarily  an  emotional  one  or 
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Chart  8.— Blood  sugar  curves  in  a  group  of  patients  with  miscellaneous  dis- 
eases of  the  nervous  system  after  twelve  hours  of  fasting.  1,  arteriosclerosis 
(pontile  hemorrhage);  2,  Meniere's  disease  (otitis  hemorrhagica);  3,  neuritis; 
4,  cerebral  hemorrhage,  paralysis  agitans ;  5,  dystrophy  muscularis ;  6,  old  hemi- 
plegia; 7,  trigeminal  neuralgia. 

in  which  the  emotional  reaction  is  purely  secondary.  This  would  refer 
particularly  to  the  neuroses  in  which  the  patient  is  in  a  borderland 
between  neuroses  and  psychoses.  Even  here  the  value  of  this  procedure 
might  be  (juestioned. 

Blood  sugar  curves  have  no  prognostic  value,  and  their  change  in 
type  cannot  at  the  present  time  be  interpreted  as  a  proof  of  the  eiifec- 
tiveness  of  therapeutic  procedures. 

The  physiologic  and  chemical  mechanism  involved  in  the  produc- 
tion of  these  abnormal  curves  is  still  a  matter  of  debate.  The  theories 
which  have  been  advanced  to  explain  them  revolve  chiefly  around  the 
original  ideas  of  Cannon  as  a  result  of  the  various  experimental  studies 
on  emotional  glycosuria.    The  chemical  factor  that  has  shown  the  most 
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definite  causative  influence  is  the  increase  in  epinephrin.  Even  this 
fact  has  heen  disputed.  Tiie  biologic  significance  of  emotion  in  the 
production  of  abnormal  mental  states  seems  to  be  supported,  however, 
by  a  study  of  this  kind,  and  the  fact  that  there  is  almost  a  constant 
increase  in  blood  sugar  values  in  emotional  states  that  are  organized 
into  a  picture  of  the  psychoses  seems  to  stand  out  clearly.  Kooy  has 
advanced  the  theory  of  the  importance  of  the  primitive  emotional  states 
in  certain  types  of  mental  diseases.  His  conclusions  in  this  regard 
appear  to  be  amply  substantiated  by  the  results  of  the  study  herein 
recorded.  The  real  value  of  his  observation  and  of  a  wider  study  of 
blood  sugar  curves  in  pyschoses  is  apparent.  It  may  mean  eventually 
that  the  nondegenerative  types  of  psychoses  associated  with  depression 
will  be  viewed  from  a  biologic  point  of  view  as  a  return  to  primitive 
emotional  states  in  which  the  increase  of  glycogenic  function  serves  the 
definite  purpose  of  supplying  increased  muscular  energy  in  carrying 
out  maneuvers  for  the  protection  of  the  individual.  In  the  static  condi- 
tions represented  by  the  inhibiting  influence  of  emotionalism  seen  in 
depressed  and  anxious  states,  the  glycogenic  mechanism  provides  an 
increased  ability  to  keep  sugar  in  the  blood  preparatory  to  the  expected 
muscular  overaction  in  maneuvers  of  flight,  concealment  and  other 
protective  measures. 

DISCUSSION 

Dr.  Smith  Ely  Jelliffe,  New  York:  With  regard  to  Dr.  .Schwab's  state- 
ment that  no  precise  diagnostic  value  is  gained  from  these  studies,  I  should 
like  to  ask  him  whether  he  would  not  use  a  different  phrase,  stating  that  there 
is  no  value  for  presently  accepted  diagnostic  criteria.  All  oliservations  are 
of  value,  and  the  only  point  of  view  is  that  the  findings  which  he  has  narrated 
to  us  cannot  yet  be  fitted  into  the  imperfect  schemes  of  diagnostic  nosologic 
conceptions  that  we  now  have.  There  will  come  a  time  when  our  present 
unsatisfactory  nosologic  conceptions  will   be  of  great  importance. 

Dr.  Walter  Timme,  New  York:  Dr.  Schwab's  conclusions  are  practically 
similar  to  those  that  most  of  us  have  obtained  through  a  long  and  wide 
experience. 

A  sugar  curve  taken  per  se,  without  any  other  oljservations,  has  about  as 
much  value  as  the  temperature  alone,  and  the  diagnosis  of  a  patient's  condition 
from  it,  the  pulse  rate  or  any  single  factor  is  impossible.  In  order  to  be 
of  any  value  it  must  be  taken  in  connection  with  many  other  conditions  which 
the  patient  presents.  Under  such  conditions  one  can  possibly  go  a  little  further 
into  the  diagnostic  values  of  the  sugar  curve.  It  perhaps  bears  the  same  rela- 
tionship to  the  patient's  condition  that  a  metabolic  study  does,  being  valueless 
in  diagnosing  the  patient's  condition  unless  all  the  factors  at  the  time  of  the 
experiment   are  taken    into  calculation. 

To  name  one  or  two  specific  instances,  a  blood  sugar  curve  must  be  inter- 
preted in  relationship  to  the  point  at  which  it  begins,  which  is  the  original 
blood  sugar  content.  A  patient  whose  sugar  content  is  0.09  and  who  has  a 
rise  in  the  sugar  curve  is  entirely  different  from  the  patient  who  begins  with 
a  0.06  sugar  content  and  has  a  similar  type  of  curve. 
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The  so-called  psychoneurotic  patients  and  the  army  patients  with  neuro- 
circulatory asthenia  usually  show  a  low  sugar  content  as  the  first  sign  of 
disease.  The  slightest  emotional  disturljance  will  make  the  sugar  content  rise 
tremendously  during  the  first  and  second  hours  and,  depending  on  the  char- 
acter of  the  case  and  its  compensations,   it  will  go  down. 

Likewise  the  hebephrenic  type  of  dementia  praecox  begins  witli  a  low  sugar 
content,  with  a  lower  curve  than  the  neurocirculatory  asthenias,  but  with  a 
fairly  high  sugar  curve.  The  blood  sugar  curve  must  be  taken  in  connection 
with  other  factors  before  a  diagnosis  can  be  determined. 

Dr.  Schwab,  in  closing:  In  reply  to  Dr.  Jelliffe's  comments,  my  point  is 
that  at  the  present  time  wc  do  not  have  sufficient  differential  diagnostic 
knowledge  or   information  to  make  these  things  valualile. 

All  of  the  cases  were  studied  with  great  care.  1  did  not  include  clinical 
reports  in  this  paper.  All  of  the  cases  were  examined  in  conjunction  with  the 
internal  medical  department  of  the  hospital  from  every  point  of  view,  over  quite 
a  long  period. 

I  excluded  from  the  series  all  those  instances  in  wliicii  the  sugar  curve 
might  be  influenced  by  other  factors.  This  does  not  include  any  cases  of 
cardiac  disease,  effort  syndrome  or  diabetes.  They  were  a  group  of  neuro- 
psychiatric  cases  studied  primarily  from  the  point  of  view  of  determining 
whether  this  procedure  was  valuable  in  a  hospital  study  of  the  case.  The 
initial  hyperglycosemia  was  carefully  considered  in  all  of  the  cases,  but  it  was 
of  no  value  because  of  the  variation  which  could  not  be  interpreted.  We 
have  a  curve  as  low  as  0.04  in  a  person  who  had  otherwise  a  perfectly 
normal   case. 

We  found  the  highest  blood  sugar  value  in  a  young  married  woman,  who 
had  a  fixed  sensation  of  sweetness  in  her  tongue  and  mucous  membrane  and 
was  always  haunted  Ijy  a  sensation  of  tasting  sweet  things.  The  initial  first 
hour  curve  went  up  to  0.38,  which  was  one  of  the  highest  initial  curves,  and 
the  case  was  eliminated  because  of  impossible  differentiation  from  a  diagnostic 
point  of  view. 


INTELLIGENT    ORGANIZATION     EOR    THE    STUDY 
OF     HUMAN     BEHAVIOR 

STUART     PATOX,     M.D. 

PRIXCETOX,    X.    J. 

The  permanence  and  progress  of  civilization  depend  primarily  on  success 
in  educating  the  public  in  questions  of  hygiene,  both  physical  and  mental.  It 
is  foolish  and  disastrous  to  try  to  teach  the  two  divisions  separately.  The 
old  superstition  that  the  body  and  mind  should  be  considered  independently 
should  not  be  perpetuated.  A  campaign  to  prevent  physical  disease  would 
be  far  more  effective  if  it  were  associated  intimately  with  mental  hygiene. 

Mental  hj'giene  can  be  of  great  assistance  in  pointing  out  the  kind  of 
mental  processes  favorable  for  taking  the  first  step  in  all  sciences,  i.  e.,  the 
ability  to  draw  distinction  between  appearance  and  reality.  The  greatest 
obstacles  today  preventing  improvement  in  public  health  service  are:  obses- 
sions, fixed  ideas,  prejudices,  beliefs  in  mysticism  and  various  other  forms  of 
irrational  beliefs.  Probably  these  forms  of  alienation  are  responsible  for  con- 
ditions that  cause  more  deaths  than  al!  the  infectious  and  contagious  diseases 
combined. 

Until  mental  hygiene  plays  a  more  important  role  in  organizing  the  cam- 
paign to  improve  public  health  conditions,  the  effectiveness  of  physicians' 
efforts  in  this  direction  will  be  very  much  less  than  they  should  be.  To 
arouse  people  to  the  necessity  of  improving  personal  or  community  hygiene 
and  of  getting  rid  of  flies,  mosquitoes  and  other  disease-bearing  insects  is 
first  a  question  of  mental  hygiene. 

There  is  another  and  more  important  reason  for  asking  assistance  of  mental 
hygiene  in  an  effort  to  increase  the  effectiveness  of  public  health  campaigns. 
Mental  hygiene  is  a  verj^  effective  means  of  diminishing  the  chance  of  war. 
It  assists  people  to  recognize  early  in  their  development  the  kind  of  mental 
processes  involved  in  lielligercnt  attitudes,  or  those  that  may  easily  become 
belligerent.  The  chief  hope  for  the  future  is  mental  hygiene,  as  a  means  of 
preventing  the  form  of  insanity  which  leads  to  aggressive  war.  If  not  suc- 
cessful in  preventing  another  war,  then  the  public  health  campaign  will  be  of 
little  use  to  civilization. 

Scientists  who  are  familiar  with  progress  made  in  the  art  of  destroying  life, 
since  the  armistice,  say  that  one  more  world  war  will  permanently  cripple 
our  civilization.  Unfortunately,  it  cannot  be  said  that  we  have  been  as  intelli- 
gent in  preparing  for  peace  as  for  war.  No  organization  of  scientific  men  to 
establish  and  maintain  peace  exists  today  that  is  comparable  in  extent  or 
effectiveness  with  the  organization  effected  to  wage  war.  We  showed  more 
organized  intelligence  in  waging  war  than  in  iirescrving  peace  or  fighting 
disease. 

During  the  war,  the  intimate  relations  between  body-mind  pnililems  were 
forced  on  our  attcntif)n.  Now  we  have  relapsed  into  the  old  indifference. 
Attention  has  been  directed  persistently  to  the  old  superstition  that  interest  in 
mental  hygiene  should  be  cultivated  after  physical  hygiene  is  firmly  estab- 
lished. One  reason  for  this  assumption  is  that  the  modern  physician  is 
trained  almost  exclusively  in  analytical  methods.  He  does  not  realize  that 
synthesis   is  as  important  as  analysis.     It  is  of  immense  practical  as  well  as 
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philosophic  imi)ortancc  to  the  world  that  ph\sicians  realize  that,  as  Dewey 
has  said,  it  is  "almost  a  truism  that  knowledge  is  hoth  synthetic  and  analytic; 
a  set  of  discriminated  elements  connected  hy  relations."  There  is  plenty  of 
scientific  curiosity  in  regard  to  analysis  ahout  the  function  of  parts,  but  not 
about  synthesis  or  human  behavior.  We  study  the  action  of  separate  organs 
but  we  should  also  study  the  machine  as  a  whole — its  activities  as  they  are 
represented  in  liehavior. 

DISCUSSION 

Dr.  Foster  Kennedy,  New  York:  Dr.  Paton's  generalizations  are  the 
result  of  his  desire  to  synthesize.  He  should  analyze  his  generalization  and 
explain  the  meaning  of  the  words  "mental  hygiene."  We  understand  how  a 
community  can  be  clean  in  a  sanitary  and  physical  way  and  know  the  mode 
of  attack.  I  doubt  if  many  have  a  clear  understanding  as  to  how  to  start 
psychical  community  cleansing.  Undoubtedly,  it  must  be  accomplished  l)y 
education,  and  the  physician  should  be  an  educator;  but  I  think  Dr.  Paton 
should  state  as  precisely  as  possiI)le  the  lines  along  which  that  education 
should  go. 

Dr.  Paton  has  stated  that  mental  hygiene,  properly  applied,  could  stop 
war.  Is  it  not  true  that  one  of  the  causes  of  war  is  that  every  man  who 
has  been  through  one  afterward  forgets  the  unpleasant  part?  One  never  sees 
three  old  soldiers  together,  talking  of  ^their  campaigns,  without  realizing  that 
they  are  giving  the  impression  that  they  had  a  splendid  time.  That  impression 
is  passed  on  to  the  youth  of  the  generation  and  each  generation  must  have 
its  war  in  order  to  see  what  it  is  like.  I  believe  that  if  those  who  were 
uncomfortable  for  a  few  years  in  France  were  to  make  it  clear  that  war  is 
an  exceedingly  muddy,  bloody  affair,  instead  of  being  amusing,  we  might 
do  something  to  correct  the  bias  of  the  oncoming  generation. 

It  is  a  little  difficult  to  see  what  more  can  be  done  for  this  specific  end. 
Every  child  of  course  ought  to  l)e  told  at  an  early  age  that  every  act  he 
undertakes  carries  with  it  reward  or  punishment;  and  that  every  issue  ought 
to  be  dealt  with  instinctively.  It  should  be  possible  to  inculcate,  at  an  early 
age,  a  decent  regard  for  the  other  man's  rights  and  point  of  view.  If  Dr. 
Paton  can  tell  us  how  to  make  a  living  force  of  a  good  system  of  ethics 
(Christianity  has  scarcely  failed  but  has  never  been  tried),  then  possibly  he 
may  succeed  in  a  campaign  of  mental  hygiene  to  prevent  future  war.  The 
root  of  the  matter  is  character  and  not  intellect. 

Dr.  Joseph  Collins,  New  York :  Probably  the  members  of  the  Association 
agree  with  every  statement  that  Dr.  Paton  has  made,  but  his  communication 
disappoints  me  because  it  is  not  specific.  There  is  no  one  who  has  more 
native  ability  and  talent  and  time  to  outline  and  develop  a  scheme,  than 
Dr.  Paton.  He  knows  that  we  agree  with  him  as  to  the  urgency  of  this 
matter.  Therefore,  I  construe  it  to  be  his  duty  to  present  a  scheme  rather 
than  a  plea. 

Dr.  Paton  has  said  tl^at  it  is  much  more  important  to  teach  men  how  to 
think  than  what  to  think.  Is  there  any  way  of  teaching  men  how  to  think? 
Is  there  a  psychologist  who  has  formulated  a  i)lan  or  a  definite  rule  as  to 
how  to  think?  Does  not  the  organism,  constituted  physically  and  chemically 
different,  think  in   different   ways  ? 

It  is  an  individual  reaction  whether  you  will  agree  with  Dr.  Paton  that 
a  campaign  of  mental  hygiene  will  eliminate  war.  The  "mental  hygiene"  that 
Dr.    Paton  has    in   mind    may   "cure"   man    of  his    cravings    for   superiority   and 
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power,  and  if  so.  it  may  prevent  wars.  I  do  not  believe  that  it  would;  nor 
do  I  believe  that  it  is  our  duty  as  physicians  to  try  to  eliminate  war. 

Nothing  has  brought  us  into  such  discredit  as  our  medicolegal  conduct, 
because  we  have  never  lieen  willing  to  take  the  time  to  teach  the  public  the 
meaning  of  personality  and  behavioristic  psycholog}-.  There  is  not  the  slightest 
effort  being  made  to  convey  to  the  public  that  there  are  as  many  different  types 
of  psychologic,  mental  and  emotional  reactions  as  there  are  different  types  of 
facial  lineament.  We  do  not  make  the  smallest  endeavor  to  point  out  to 
great  organizations  and  to  the  public  in  general  that  the  paranoic  type  of  mind 
is  just  as  prejudicial  before  it  displays  symptoms  of  mental  unbalance  as 
it  is  afterward.  We  do  not  make  the  slightest  attempt  in  our  conjunction  with 
pedagogues  to  make  a  differentiation  of  the  different  forms  of  mentality  in 
their  liudding.  These  are  all  prolilems  of  mental  hygiene.  We  do  not  do  it 
because  (1)  we  do  not  construe  it  to  be  our  duty;  (2)  there  is  no  incentive 
for  doing  it,  and  (3)  there  has  never  been  any  incentive  or  force  from  behind 
by  the  profession  or  force  from  in  front  by  the  public. 

Up  to  the  present,  we  have  been  content  to  instruct,  to  enlighten,  to  orient; 
we  must  arbitrate  and  judge  as  well ;  we  must  get  our  "feelings"  into  the 
case;  we  must  be  partisans.  That  is  what  has  brought  such  infamy  on  us 
as  expert  witnesses.  We  do  not  take  the  verdict  of  the  jury  with  the 
equanimity  that  Socrates  displayed  after  his  fellow  Athenians  had  judged  him; 
nor,  unfortunately,  do  we  appear  to  be  willing  to  instruct,  which  he  did  all 
his  life.  But  finally  we  shall  content  ourselves  in  so  doing,  when  the  insensate 
sense  of  our  own  dignity   and  importance  has   been   eradicated   and  destroyed. 

The  aim  of  mental  hygiene  is  to  prevent  or  delay  the  development  of 
so-called  functional  nerve  disorder,  to  thwart  potential  mental  disease,  to 
equilibrate  and  aid  the  growth  of  every  individual's  instinctive,  emotional  and 
intellectual  equipment,  but  especially  those  who  are  handicapped  by  inheri- 
tance or  accident.  To  accomplish  this,  we  must  have  a  plan,  for  it  cannot 
be  done  haphazard. 

Dr.  Bernard  Sachs,  New  York:  1  am  in  sympathy  with  any  movement  for 
the  improvement  of  the  mental  condition  of  the  people  of  this  country.  Dr. 
Paton  has  endeavored  to  develop  altogether  too  large  a  program,  and  lie  will 
completely  fail  of  any  success  in  this  movement  unless  he  limits   it. 

We  have  all  believed  that  the  idea  of  mental  hygiene  was  not  so  much  to 
improve  the  intellect  as  to  prevent  the  development  of  unfortunate  conditions 
of  intellect.  I  do  not  agree  witli  Dr.  Paton  that  it  is  our  function  as  phy- 
sicians to  teach  the  pul)lic  how  to  think.  The  large  majority  of  people  do 
a  considerable  amount  of  thinking.  Educational  institutions  are  concerned 
with  the  problem  of  teaching  persons  how  to  think. 

There  are  many  other  prol)lcms  in  the  world  that  are  of  greater  importance, 
and  as  far  as  making  the  mental  hygiene  movement  responsible  or  in  any 
way  sufficient  tf)  influence  future  wars,  I  agree  with  Dr.  Collins  that  we  need 
not  assume  that  enormous  responsibility.  I  believe  that  there  is  need  of 
psychiatrists  and  alienists  in  this  matter,  but  there  is  also  necessity  for  com- 
mon  sense  men  and  women. 

Dr.  Edward  B.  Angell,  Rochester,  N.  Y. :  Ouizon,  in  his  History  of  Civil- 
ization remarks  that  "common  sense  is  the  genius  of  humanity."  If  we  could 
eliminate  the  word  "mental,"  as  Dr.  Paton  is  endeavoring  to  do.  we  should 
be  able  to  teach  the  important  j)oints  in  ihc  clcvcloi)mcnt  of  mind  in  a  licttcr 
manner. 
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The  primary  requisite,  in  my  opinion,  for  the  development  of  mind  is  a 
well-developed  brain,  which  we  can  obtain  by  proper  training;  and  a  well- 
balanced  brain  will  give  common  sense,  which  is  a  primary  requisite  if  we 
want  to  make  mental  hygiene  of  value  to  the  public  at  large. 

Dr.  Colin  K.  Kussel,  Montreal:  When  one  considers  the  history  of  the 
world  and  the  disasters  that  have  occurred  at  various  periods,  completely 
destroying  the  existing  population,  I  sometimes  wonder  whether  the  present 
civilized  world  is  not  rushing  on  to  its  own  destruction,  and  it  is  a  question 
whether  Dr.  Paton's  proposed  campaign  is  not  too  late.  In  the  report  of  the 
psychiatrists  of  the  United  States  Army,  one  finds  that  more  than  75  per  cent, 
of  the  young  men  of  this  country (  and  probably  this  is  true  in  other  countries) 
had 'the  mental  age  of  14  year  old  children,  and  more  than  66  per  cent,  had 
the  mental  age  of  12  year  t)ld  children.  If  one  questions  the  men  of  this 
country,  the  answers  will  be  that  of  a  boy  12  years  of  age,  and  this  is  the 
voice  of  the  majority  of  voters.  In  the  United  States,  with  its  hundred  million 
population,  about  four  million  have  real  intelligence,  are  fitted  to  be  leaders. 
Dr.  William  A.  White,  Washington,  D.  C. :  I  think  that  it  is  too  much 
to  ask  Dr.  Paton  to  present  a  finished,  well-worked  out,  thoroughly  practical 
scheme  for  the  proceeding  which  he  advocates.  We  may  have  some  moral 
responsibility  as  physicians,  or  if  not  we  perhaps  have  some  responsibility 
as  citizens  to  bring  to  bear  upon  some  such  scheme  as  this. 

As  an  administrative  officer,  I  have  never  seen  a  situation  that  was  so 
hopeless  that  it  could  not  have  been  made  better.  If  75  per  cent,  of  the 
people  have  intellectually  the  minds  of  13  year  old  children,  I  am  satisfied  that 
there  is  some  way  of  dealing  with  that  problem. 

Dr.  C.  Macfie  Campbell.  Boston:  It  is  very  difficult  to  eliminate  words 
and  to  think  in  terms  merely  of  concrete  facts,  actual  reactions.  There  is 
not  much  difficulty  in  knowing  what  is  meant  by  the  term  "mental  hygiene." 
As  the  term  hygiene  has  already  been  trademarked  by  those  who  have  been 
working  with  infections  and  nutrition,  we  are  compelled  to  use  another  term. 
Social  hygiene  is  used  by  those  who  have  found  that  public  opinion  prevents 
them  from  talking  about  venereal  disease,  so  that  we  have  been  barred  the 
use  of  that  term.  Therefore,  I  believe  we  have  adopted  in  mental  hygiene  a 
term  which  is  perfectly  adequate  for  our  practical  purpose. 

Psychiatry  deals  with  the  health  of  people,  taken  not  merely  as  a  problem 
of  symptoms,  but  in  relation  to  their  adaptation  to  situations  in  the  problems 
of  life.  In  regard  to  these  problems,  the  first  important  one  is  with  regard 
to  the  tremendous  numljer  of  gross  mental  disorders  as  ordinarily  understood, 
the  hundreds  of  thousands  of  insane  people  who  are  in  the  United  States. 
We  have  assumed  too  fatalistic  an  attitude  with  regard  to  these  disorders. 
If  a  person  with  a  mild  depression  is  mildly  suspicious  or  is  beginning  to 
have  disturlied  sleep  and  peculiar  impulses  and  odd  speech,  the  common  atti- 
tude is  concealment.  We  should  institute  treatment  at  the  earliest  stage,  but 
that  can  l)e  accomplished  only  by  wide  community  education. 

In  the  average  community,  there  are  not  the  efficient  facilities  for  treating 
an  incipient  stage  of  a  mental  disorder.  The  majority  of  practitioners  have 
not  been  trained  in  the  medical  school  to  examine  the  patient  and  his  reactions 
to  his  environment.  After  a  thorough  examination,  including  that  of  the  central 
nervous  system,  and  finding  no  definite  cause,  the  practitioner  states  that  the 
patient  has  "neurasthenia."  Probably  it  is  weeks,  months  or  years  l)efore 
the  patient  with  a  mental  disorder  finally  obtains  adequate  treatment.     Is  there. 
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in  every  fair  sized  general  hospital,  an  attempt  to  see  that,  in  a  special 
department,  that  aspect  of  the  patient's  disorder  is  observed?  In  medical 
schools,  every  medical  practitioner  realizes  that  it  is  part  of  his  job,  with 
regard  to  disease,  to  pay  attention  to  emotional  reactions,  instinctive  reactions 
and  situational  difficulties.  We  must  be  positive  that  there  are  proper  oppor- 
tunities for  the  early  treatment  of  disorders  in  the  state  hospitals.  As  such 
problems  begin  in  childhood,  we  should  appoint  school  physicians  and  nurses 
who  are  alert  to  the  necessity  of  giving  attention  to  the  emotional  disorders 
of  the  child.  This  means  that  the  teachers  are  not  untrained  and  irresponsil)le 
individuals  who  have  had  a  meager  education,  but  in  their  training  schools 
they  have  had   impressed   on  them  the  necessity   of   recognizing  these   factors. 

By  laying  adequate  stress  in  the  universities,  in  the  medical  schools,  on  an 
adequate  department  of  psychiatry ;  by  seeing  that  in  all  the  health  work  of 
our  state  and  municipal  departments  the  foregoing  factors  are  recognized ; 
by  seeing  that  in  all  our  nursing  organizations  the  nurse  is  trained  not  merely 
to  look  after  individual  organs  but  also  to  care  for  sick  people,  we  shall 
be  dealing  immediately  and  in  a  practical  way  with  the  problems  of  the 
actually  existing  disorders  of  the  community. 

Dr.  Hugh  T.  P.\trick,  Chicago :  I  am  most  sympathetic  with  Dr.  Paton's 
comprehensive  and  ambitious  program.  I  am  also  exceedingly  sympathetic 
with  Dr.  Campbell's  program,  which  may  be  municipal,  may  be  in  relation 
to  the  commonwealth,  and  might  be  national  in  its  scope.  Part  of  our  respon- 
sibility, aside  from  that  to  the  public  at  large,  either  as  physicians  or  as 
citizens,  is  our  responsibility  to  the  patient,  to  the  patient's  relatives  and  to 
the  practitioners  who  bring  these  anomalies  of  Ijehavior  to  us.  Our  duty  is 
to  help  to  educate  the  patient  and  the  relatives  and  friends  of  the  patient,  and 
to  educate  the  medical  profession.  Dr.  Paton's  program  is  a  very  small,  per- 
haps an  entering  wedge,  which  I  hope  will  be  realized  ultimately,  but  I  con- 
ceive it  to  be  a  serious  responsibility.  Of  course,  it  involves  (1)  an  adequate 
understanding  of  these  peculiar  behavioristic  anomalies;  (2)  the  capacity  to 
impart  to  the  general  practitioner  and  to  the  lay  mind  a  clear  and  concise 
conception  of  it,  and   (3)   the  time  and  trouble  constantly  to  practice  it. 

Dr.  Joseph  Collins,  New  York:  If  anything  is  to  result  from  this  dis- 
cussion. Dr.  Paton  should  tell  us  whether  he  agrees  with  Dr.  Campbell,  whose 
conception  of  mental  hygiene  is  that  we  may  eliminate  the  five  or  ten  millions 
of  potentially  insane  in  this  country.  Dr.  Paton's  conception  of  mental 
hygiene  does  not  seem  to  be  the  same,  for  he  has  brought  in  the  entire  field 
of  education. 

Dr.  Paton,  Princeton,  X.  J.:  I  agree  thoroughly  with  Dr.  Campbell  and 
think  that  he  agrees  that  education  assists  an  individual  to  adjust  his  life. 
I  have  brought  this  subject  before  university  presidents,  professors  and  school 
teachers  and  should  like  to  tell  Dr.  Collins  that  he  is  the  only  person  who 
has  disagreed  with  that  view. 
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Since  the  first  formulation  of  the  concept  of  dementia  praecox 
by  KraepeHn  ^  and  its  amplification  by  Bleuler,-  there  has  always  been 
a  doubt  as  to  the  exact  diagnosis  of  the  disease.  Clear  cases  correspond- 
ing to  the  old  ideas  of  terminal  dementia,  with  splitting  of  the  per- 
sonality, hallucinations  and  deterioration,  have  never  given  any  difficulty 
in  classification.  The  borderline  cases  ha^■e  always  been  subject  to 
much  discussion.  We  refer  especially  to  those  cases  observed  by 
every  psychiatrist,  which  at  one  time  are  diagnosed  as  dementia  praecox, 
at  another,  as  manic-depressive  insanity.  Adolf  Meyer  ^  recognized 
these  difficulties  long  ago.  He  first  advocated  the  application  of  the 
term  schizophrenic  reaction  type  to  those  cases  showing  splitting  of 
the  personality  and  the  accompanying  emotional  disturbances,  man- 
nerisms, negativism,  stereotypism,  etc.  He  said  that  every  person 
is  capable  of  reacting  to  a  great  variety  of  situations  by  a  limited  number 
of  reaction  types.  In  cases  tending  toward  deterioration,  certain  types 
of  reactions  occur  which  may  become  truly  pathognomonic.  Thus, 
negativism  may  no  longer  be  a  normal  indifi:erence,  but  a  distinctly 
unreasoning  pathologic  process.  Therefore,  the  term  schizophrenic 
reaction  designating  an  underlying  principle  rather  than  the  end-result 
is  used. 

It  occurred  to  us  that  a  thorough  study  of  cases  showing  definite 
schizophrenic  reaction  types  might  disclose  certain  physical  factors 
which  would  contribute  in  their  way  to  the  development  of  these  patho- 
logic trends.  With  this  end  in  view,  we  have  studied  about  fifty 
cases.  The  fir.st  twenty-five  cases  showed  certain  accompanying  patho- 
logic factors,  such  as  metabolic,  endocrine  and  toxic  disturbances.  The 
laboratory  findings  were  used  as  the  main  basis  for  the  classification. 
A  survey  of  these  findings  led  us  to  the  conclusion  that  seven  showed 
toxic    disturbances,    seven    endocrine    factors    and    eleven    remained 
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unclassified.  This  encouraged  us  to  study  a  second  group  of  cases 
(twenty-five  in  number)  more  critically,  making  clinical,  chemical, 
metabolic  and  psychologic  analyses. 

The  cases  studied  were  selected  on  the  basis  of  a  recent  onset  and 
a  definite  clinical  syndrome.  The  patients  were  subjected  to  a  routine 
physical  and  mental  examination,  and  these  were  amplified  by  all  the 
modern  laboratory  methods.  We  have  recorded  only  those  findings 
which  seemed  to  have  a  direct  bearing  on  the  individual  case.  Negative 
results  have  been  purposely  omitted.  However,  we  wish  to  state  that 
the  clinical  and  laboratory  technic  included  the  following  routine  obser- 
vations: (1)  the  blood  chemistry  including  plasma  carbon  dioxid,  plasma 
chlorids.  urea  nitrogen,  nonprotein  nitrogen,  creatinin,  blood  sugar  and 
uric  acid  ;  (  2 )  the  serologic  blood  and  spinal  fluid  examinations  including 
white  count  (differentia]),  red  count  (difTerential).  blood  Wassermann 
test,  spinal  fluid  Wassermann  test,  spinal  fluid  globulin  reactions,  col- 
lodial  gold  reactions  and  quantitative  sugar  content  of  the  spinal  fluid ; 
(3)  observations  on  endocrine  functions  including  basal  metabolism, 
Kottmann  reaction,*  epinephrin  test,  pilocarpin  test,  daily  blood  sugar 
test,  sugar  tolerance  test  (Janney  and  Isaacson^)  and  sugar  tolerance 
test  to  determine  limit  of  tolerance;  (4)  general  examination  including 
roentgenogram  of  the  teeth,  roentgenogram  of  the  skull,  urine  exami- 
nation (twenty-four  hour  specimen),  urea  output  (twenty-four  hours) 
and  Ambard's  coefiicient. 

As  it  is  not  possible  to  present  in  detail  the  histories  of  all  cases 
studied,  we  call  attention  to  four  typical  cases  which  are  given  in 
more  or  less  detail. 

REPORT     OF     CASES 

C.\SE  1. — A  young  colored  man,  aged  21,  was  admitted  to  the  hosi)ital  on 
Jan.  12.  1922.  His  relatives  said  that  he  had  gone  to  school  spasmodicallv  from 
the  age  of  7  to  the  age  of  15,  in  Mississippi,  where  he  was  born.  He  reached 
the  third  grade.  He  was  not  married  and  served  in  the  army  during  the  war. 
His  present  mental  condition  began  about  three  months  before  when  he  said 
that  he  was  afraid  someone  was  going  to  kill  him  and  that  people  watched  him 
as  if  they  were  plotting  against  him.  The  patient  could  not  sleep  l)ecause  he 
said  something  was  l)urning  the  top  of  his  head. 

Mental  examination  showed  that  the  patient  was  rather  confused.  He  was 
not  oriented  for  time.  His  judgment  was  poor,  but  he  reacted  well  to  his 
environment  and  was  quiet  and  cooperative  most  of  the  time.  His  emotions 
were  disturbed  in  that  he  was  indifferent  during  most  of  his  stay  in  the  hos- 
pital, saying  that  he  was  willing  to  go  to  an  institution  for  care  if  the  physi- 
cians desired  this.  It  did  not  make  any  difference  to  him  whether  he  was  sane 
or  insane.     At  other  times  he  said  that  he  was   afraid  because  someone  was 


4.  Kottmann,    K. :      Kolloid    chemische    untersuchungcn    ul)er     Schilddriisen 
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5.  Janney,  N.  W. :    and  Isaacson,  V.   I.:    A  Blood    .Sugar  Tolerance   Test, 
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after  him.  He  had  peculiar  sensations.  He  did  not  know  what  caused  them. 
The  people  on  the  street  watched  him  and  plotted  against  him.  During  his  stay 
in  the  hospital,  the  patient  suddenly  attacked  an  attendant,  and  it  took  three 
men  to  restrain  him.  Later  he  explained  this  liy  saying  someone  told  him  to 
kill  the  m'an. 

.-\  diagnosis  of  schizojihrenic  reaction  type  was  made.  Further  examina- 
tion showed  that  the  tonsils  were  enlarged  and  that  there  were  cavities  and 
abscesses  of  many  teeth.     His  hlood  pressure  was:  systolic,  174;  diastfilic,  122. 
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Sugar  curve  levels  in  ten  cases. 


The  heart  was  slightly  h\pertrophied  and  the  second  aortic  sound  was 
accentuated.  The  urine  showed  occasional  granular  casts  with  a  specific  gravity 
of  1.011.  The  urea  nitrogen  of  the  blood  was  increased  to  23.81  mg.  per  100  c.c, 
the  nonprotein  nitrogen  to  43.39,  the  uric  acid  to  3.15.  The  basal  metabolism 
was  increased  14  per  cent.  The  patient  was  put  to  bed  on  a  nephritic  diet. 
The  nitrogen  constituents  of  the  blood  decreased  to  normal  and  the  basal 
metabolism  decreased  to  plus  1  per  cent.  The  patient  showed  marked  mental 
improvement  after  treatment  and  was  discharged. 

A  physical  diagnosis  of  chronic  interstitial  nephritis  was  made. 
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Case  2. — A  rather  stout  boy,  aged  16,  was  admitted  to  the  hospital  on  June 
17,  1921.  His  mother  said  that  he  had  been  backward  in  school  and  had 
masturbated  since  an  early  age.  He  did  not  get  along  well  with  other  children, 
teasing  them;  lately  he  had  become  very  unruly.  About  three  months  before 
admission  he  threw  himself  out  of  a  window  and  broke  his  leg.  One  month 
ago  he  began  talking  to  an  Indian  god,  and  since  that  time  he  had  been 
especially  stubborn.  One  year  ago  his  weight  of  110  pounds  (49.89  kg.),  began 
to  increase  alarmingly  until  it  reached  the  present  weight  of  about  160  pounds 
(72.57  kg.). 

The  patient  was  rather  confused  and  was  only  approximately  oriented  for 
time.  His  general  information,  calculation  and  judgment  were  not  good.  He 
showed  definite  mannerisms,  bit  his  fingernails,  prayed  a  great  deal,  especially 
at  night,  using  the  rosary,  but  was  generally  quiet  in  the  wards.  He  was 
indifferent  and  shut-in.  Questions  were  answered  beside  the  point.  He  said 
that  he  saw  and  heard  an  Indian  god  who  told  him  what  to  do  and  what  to  tell 
people.     This  god  forced  him  to  do  things  and  controlled  his  actions. 

A  diagnosis  of  mental  deficiency,  with  a  recent  schizophrenic  reaction,  was 
made.  The  detailed  examination  showed  him  to  be  a  very  fat  boy  with  a  sub- 
cutaneous fat  accumulation  and  a  definite  deposit  of  fat  around  the  waist.  The 
roentgenogram  of  the  skull  showed  a  normal  sella  turcica.  The  basal  metabo- 
lism was  normal.  The  patient  reacted  slightly  to  the  pilocarpin  test.  The 
epinephrin  test  was  positive.  The  sugar  tolerance  was  tremendously  increased: 
the  patient  was  able  to  assimilate  300  gm.  of  glucose  without  a  rise  of  the 
blood  sugar.  The  uric  acid  of  the  blood  was  increased  to  3.42  mg.  per  100  c.c. 
The  white  count  was  9,000.  The  Wassermann  tests  of  the  blood  and  spinal  fluid 
were  negative. 

A  diagnosis  of  pituitary  disturbance  was  made. 

C.->iSE  3. — A  married  woman,  aged  34,  was  admitted  to  the  hospital  on  Jan. 
28,  1922.  Her  husband  said  that  she  went  through  the  eight  primary  grades 
and  took  a  six  months'  business  college  course.  She  was  married  at  the  age 
of  25,  and  always  conducted  her  affairs  well;  she  had  had  one  miscarriage  and 
had  one  child  6  j-ears  old.  Two  months  before  admission  she  began  to  imagine 
that  her  son  was  not  normal.  She  drank  compound  solution  of  cresol  just 
before  entering  the  hospital  because  she  thought  she  would  not  get  well. 

Mental  examination  of  this  patient  showed  that  she  was  disoriented  for 
time,  that  she  could  not  retain  numbers  and  figures  because  of  her  lack  of 
attention,  but  that  she  was  not  demented.  She  was  quiet  and  listless,  at  times 
depressed ;  generally  speaking,  she  was  indifferent  and  inadequate  in  her 
emotions.  Questions  were  answered  coherently  and  relevantly.  She  said  that 
she  had  been  melancholy  because  she  could  not  sleep  as  her  son  was  not  normal. 
His  head  was  flattened  by  a  forceps  delivery  six  years  before.  This  did  not 
worry  her,  but  nevertheless  she  was  not  sure  whether  she  would  ever  sleep 
again.  Her  bowels  had  closed  since  she  swallowed  soapy  water;  she  felt  flat 
in  her  stomach  because  her  bowels  had  "slunk"  away.  All  the  patients  in  the 
ward  talked  about  her  little  boy.  They  taunted  her,  saying  that  she  got  up  in 
the  morning  and  did  not  care  for  him.  Occasionally  she  felt  light  in  her 
head.    The  taunting  at  home  compelled  her  to  drink  soapy  water. 

A  diagnosis  of  a  schizophrenic  reaction  type  was  made. 

The  patient  had  a  pronounced  growth  of  hair  on  her  chin  and  in  the  small  <if 
her  back.  The  thyroid  gland  was  slightly  enlarged.  There  was  a  fine  tremor 
of  the  hands;  dermograpliia  was  present;  the  von  Graefe  was  positive;  the  pulse 
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rate  was  118  at  rest.  The  Iiasal  metaholism  was  increased  35  per  cent.;  the 
Kottmann  reaction  was  positive.  Both  tonsils  were  buried  and  cryptic;  pus 
could  be  expressed  from  the  left  tonsil.  The  white  count  varied  between 
10,000  and  18,000  with  78  per  cent,  of  polymorphonuclears.  There  were  ocoa- 
sional  granular  casts  and  a  trace  of  albumin  in  the  urine.  The  blood  pressure 
was:  systolic,  114;  diastolic,  76.  The  i)ilocarpin  and  adrenalin  tests  were 
negative. 

A  physical  diagnosis  of  hyperthyroidism,  chronic  tonsillitis  and  nephritis 
was  made. 

Case  4. — A  well  developed  young  man,  aged  2Z,  was  admitted  to  the  hospital 
on  Jan.  2,  1922.  The  physician  who  brought  the  patient  in  said  that  he  had 
finished  the  eighth  grade  at  the  age  of  13,  and  had  later  gone  to  business  college. 
He  was  born  in  Tennessee.  Since  an  early  age  the  patient  had  been  suffering 
from  self-consciousness  ;  he  had  stolen  many  things,  and  had  been  imprisoned 
in  Ohio  eighteen  months  because  of  "a  hold-up."  The  patient  attempted 
suicide  on  several  occasions,  the  last  time  in  November.  There  had  been  a 
number  of  homosexual  experiences.  The  physician  referred  him  to  the  hospital 
because  the  patient  said  he  felt  like  committing  another  crime. 

The  patient  responded  sympathetically  and  with  excellent  intelligence.  He 
said  that  he  felt  slightly  nervous  because  he  was  oversensitive.  He  worried  a 
great  deal  about  being  self-conscious.  Whenever  he  was  among  people  he  felt 
out  of  place  and  thought  that  everyone  was  watching  him.  People  believed 
him  queer.  These  ideas  were  especially  prevalent  when  there  was  noise  or  hubbub. 
At  such  times  he  felt  mentally  inferior  to  his  surroundings.  Lately  he  had  had 
dizzy  spells  and  there  was  a  peculiar  ringing  sound  in  his  ears.  There  was 
definite  odor  of  perspiration  about  him.  During  part  of  his  stay  in  the  hospital 
the  patient  became  extremely  suspicious  of  his  physician's  intentions.  Later 
this  trend  was  overcome. 

The  diagnosis  of  schizophrenic  reaction  type  was  made.  The  physical 
examination  was  negative.  The  psychanalytic  investigation  revealed  the  fol- 
lowing factors:  The  self-consciousness  which  disturbed  him  so  much  and 
usually  forced  him  to  commit  a  crime  was  traced  back  and  associated  with  his 
fifth  year,  when  he  remembered  that  he  was  awkward,  and  the  boys  said  he  was 
like  a  girl.  He  was  a  mother's  and  grandmother's  boy,  fearing  his  father.  At 
the  age  of  4,  his  sister  "milked  his  penis,"  since  then  he  had  had  sex  on  his 
mind.  He  often  thought  of  legs  and  associated  these  with  his  mother's  later 
pregnancies  and  the  large  breasts  of  his  teacher.  The  patient  was  very  much 
perturbed  during  the  analysis ;  he  was  frequently  flushed  and  showed  signs  of 
an  abreaction.  He  said  that  he  was  ashamed,  felt  restless,  self-conscious  and 
inferior.  He  felt  as  if  he  had  committed  a  grave  wrong.  All  intercourse  was 
wrong  and  made  him  think  of  doing  criminal  acts.  These  are  then  turned  into 
compensatory  factors  for  his  feeling  of  inferiority.  The  patient  recovered  after 
the  analysis. 

COMMENT 

The  fir.st  patient  had  a  definite  toxic  complication,  the  second  and 
third  patients  showed  marked  endocrine  disturhances,  while  the  fourth 
had  a  psychic  complex.  In  the  pertisal  of  our  case  histories,  we  feel 
justified  in  taking  these  four  cases  as  examples  for  the  various  groups 
into  which  our  cases  may  he  divided ;  namely,  a  toxic  group,  a  group 
showing  endocrine  disturbances  and  a  group  with  psychogenic  factors. 


202  GEORGE     W.    HALL~CLARE\CE    A.     XEVMANN 

Twehe  of  tlie  twenty-tive  cases  fall  into  the  hrst  group,  seven  are 
included  in  the  second,  live  comprise  the  third,  one  could  not  be 
classified.  As  yet  we  are  not  prepared  to  go  on  record  as  to  the  relation 
between  cause  and  effect.  It  is  a  fact  that  these  disturbances  exist 
as  a  part  of  the  clinical  picture  and  must  be  taken  into  consideration 
in  the  study  of  any  case  coming  within  the  realms  of  the  subject  under 
discussion.  We  have  purposely  avoided  the  term  "dementia  praecox,'' 
believing  that  this  term  represents  a  clinical  syndrome,  not  a  disease 
entity.  Therefore,  we  have  the  temerity  to  suggest  the  use  of  "schizo- 
phrenic reaction  type"  as  a  much  more  representative  name.  One  may 
speak  of  a  schizophrenic  reaction  type,  associated  with  toxic  conditions, 
with  endocrine  disturbances  and  with  psychogenic  factors;  or  if  desir- 
able, a  simpler  terminology  may  be  substituted,  such  as  a  toxic,  an 
endocrine  or  a  psychogenic  schizophrenia. 

ADDENDUM 

We  have  also  determined  the  blood  sugar  tolerance  in  accordance 
with  the  methods  of  Raphael  and  Parsons."  The  accompanying  chart 
shows  the  various  sugar  curve  levels  of  ten  cases.  Taking  it  for  granted 
that  the  normal  curve  is  as  recorded  by  these  authors,  we  have  ascer- 
tained that  two  of  our  ten  patients  returned  to  the  normal  fasting  level 
within  two  hours ;  five  of  the  ten  returned  to  the  normal  level  within 
three  hours.  Our  results  practically  agree  with  tlieirs  in  that  in  eight 
cases  the  initial  fasting  level  was  lower  than  normal  and  the  acme 
of  the  level  was  relatively  high. 


6.  Raphael,  Theophile,  and  Parsons,  John  Purl :  Blood  Sugar  Studies  in 
Dementia  Praecox  and  Manic-Depressive  Insanity,  Arch.  Neur.  &  Psychiat.  5: 
687  (June)  1921. 


BULBAR     TYPE     OF     ACUTE     POLIOMYELITIS 
EDWARD    A.    SHARP,    M.D.,    anu    NELSON     G.    RUSSELL,    M.D. 

BUFFALO 

A  few  cases  of  poliomyelitis  have  cjccurrecl  in  Buffalo  and  its  vicinity 
each  year  since  the  epidemic  of  1912,  the  average  number  coming  under 
personal  observation  ranging  from  hve  to  thirty  annually.  The  fre- 
quency of  the  types  observed  has  varied  somewhat  in  different  years, 
especially  in  regard  tcj  the  very  mild  or  aborted  cases,  as  many  gastro- 
intestinal disturbances  have  been  reported  as  "suspicious  poliomyelitis," 
which,  on  careful  observation  have  proved  to  be  aborted  cases  of 
poliomyelitis. 

During  the  year  1921,  the  total  number  of  cases  observed  by  us, 
either  individually  or  jointly,  has  been  twenty-one,  and  amono-  this 
number  approximately  one-half  have  been  of  the  most  severe  type, 
comprising  the  Landry  and  the  bulbar  type.  No  instances  of  the 
aborted  attacks  were  observed. 

During  this  same  period  of  time  and  covering  approximately  the 
same  territory,  there  were  fifteen  cases  of  acute  encephalitis  associated 
with  various  infections,  and  twenty-two  cases  of  epidemic  or  lethargic 
encephalitis. 

Grouping  the  poliomyelitis  cases  in  accordance  with  the  predomi- 
nance of  the  lesions  at  various  levels,  constituting  the  different  recog- 
nized types,  it  was  found  that  eleven  were  of  the  spinal  type,  in  which 
the  extremities  were  first  and  most  severely  affected.  In  three  of  these, 
some  involvement  of  the  bulbar  or  pontile  nuclei  was  observed  at  some 
stage  of  the  disease,  producing  symptoms  referable  to  the  facial,  vagus- 
glossopharyngeal  or  hypoglossal  nerves.  In  one  case,  this  was  shown  as 
a  mild  facial  paralysis  lasting  two  or  three  days. 

These  bulbar  and  pontile  symptoms  occurring  in  the  predominatingly 
spinal  cases  have  not  been  a  disturbing  factor,  and  none  has  caused 
permanent  damage. 

Five  of  the  twenty-one  cases  showed  the  Landry  type  of  rapidly 
progressive  paralysis,  four  of  the  ascending  and  one  of  the  descending 
type.  Three  of  them  were  fatal  and  had  some  involvement  of  the  bulbar 
nuclei,  shown  in  difficulty  of  deglutition,  disturbance  of  the  heart  and 
resj)iratory  apparatus  from  lesions  in  the  nuclei  of  the  ninth  and  tenth 
cranial  nerves.  The  other  two  patients  recovered  with  considerable 
damage  to  the  movements  of  the  extremities. 

The  remaining  five  cases  represent  the  bulbar  or  the  bulbar-pontile 
type,  all  of  which  were  very  severe  and  fatal.     The  symptoms  were  not 
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confined  to  the  bulbar  nuclei  but  showed  more  or  less  extension  to  the 
spinal  cord,  although  insignificant  as  compared  to  the  bulbar  S3'mptoms. 
The  salient  features  of  the  l)ull)ar  cases  are  shown  in  the  report  of 
two  of  the  cases. 

REPORT     OF     CASES 

Case  1. — A  boy,  4  years  old.  had  been  well,  except  for  tonsillar  infection 
with  tonsillectomy,  up  to  Oct.  29,  1921.  At  this  time  there  was  a  sudden 
appearance  of  vomiting  with  excessive  secretion  of  saliva.  The  child  had 
difficulty  in  talking;  the  voice  was  of  the  nasal  quality,  and  there  were  fre- 
quent "choking  spasms."  A  gradual  increase  in  the  severity  of  the  symp- 
toms occurred  up  to  the  third  day,  at  which  time  there  was  difficulty  in 
coughing  and  expelling  mucus.  Large  quantities  of  mucus  accumulated  in 
the  throat  and  produced  the  choking  attacks  in  the  effort  to  expel  it.  Men- 
tally he  was  alert  and  cooperated  in  every  efifort  at  examination.  He  fre- 
quently asked  for  water,  but  he  had  difficulty  in  swallowing  as  the  fluid 
regurgitated  through  the  nose,  and  he  choked  as  fluid  entered  the  air  pas- 
sages. Examination  of  the  throat  showed  paralysis  of  the  palate.  The 
posterior  pharyngeal  and  palate  muscles  were  completely  paralyzed,  and  the 
postnasal  space  could  not  be  closed  of?.  Some  function  still  remained  in 
the  anterior  palate  muscles  as  in  the  effort  to  phonate  the  palate  was  drawn 
slightly  forward.  There  was  no  noticeable  disturbance  in  the  movements 
of  the  face,  tongue  or  eyes.  At  this  time  all  movements  of  the  extremities 
and  of  the  intercostal  muscles  and  the  diaphragm  appeared  normal.  The 
patellar  and  Achilles  tendon  reflexes  were  present  and  equal  on  tlie  right 
and  left.  There  was  some  stiffness  of  the  neck  and  back  on  attempting  to 
flex  the  spine.  Flexion  of  the  neck  produced  temporary  disturljance  of  res- 
piration, as  there  was  a  tendency  to  dyspnea  or  actual  stoppage  of  respiration 
during  the  time  the  neck  was  held  in  the  flexed  position.  This  phenomenon 
has  also  been  observed  in  a  considerable  number  of  cases  of  tuberculous  men- 
ingitis and  of  meningococcus  infection,  and  is  probably  due  to  increased 
bulbar  pressure   through  the  cerebrospinal   fluid. 

On  the  next  day  the  bulbar  symptoms  became  more  severe.  Swallowing 
was  very  difficult  and  "choking  spasms"  more  frequent.  Later  the  tendon 
reflexes  disappeared  and  some  weakness  of  the  extremities  was  noticed, 
although  at  no  time  did   complete  loss  occur. 

The  cerebrospinal  fluid  was  clear;  the  pressure  somewhat  increased  and 
showed  a  cell-count  of  120,  mostly  lymphocytes.  The  fluid  produced  a  prompt 
reduction  of  Fehling's  solution. 

The  child  died  on  the  fourth  day  of  tlie  illness  from  respiratory  and 
cardiac  paralysis. 

Necropsy  was  performed  by  Dr.  I^enjamiii  l\«inian  of  the  Buffalo  (jenoral 
Hospital,  who  submitted  the  following  report: 

There  is  a  peculiar  swelling  of  the  brain  tissue.  (The  l)rain  is  not 
edematous,  but  seemed  too  large  for  the  cranial  cavity  and  the  convolutions 
were  markedly  flattened,  although  there  was  no  hydrocephalus.)  There  was 
some  hyperemia  of  the  cortex ;  hyperemia  of  the  gray  matter  of  the  cord  on 
cross  section;  cloudiness  of  the  spinal  pia  and  of  the  leptomeninges  around 
the  brain  stem.  There  was  a  slight  hyperplasia  of  the  lymph  follicles  of  the 
throat  and  mouth  (tonsillectomized)  ;  atrophy  of  the  spleen;  and  a  parenchy- 
matous degeneration  of  .he   heart,  liver  and  the  kidneys. 
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Microscopic  examination  of  the  central  nervous  system  showed  a  distinct 
inflammation  of  the  entire  length  of  the  spinal  cord  and  of  part  of  the  medulla. 
This  was  in  the  form  of  a  diffuse  and  focal  infiltration  of  uncharacteristic 
small  round  cells  and  occasional  polymorphous  leukocytes  everywhere  around 
the  blood  vessels,  Init  especially  in  the  neighborhood  of  the  anterior  horns. 
The  pia  mater  was  everywhere  more  or  less  filled  with  inflammatory  infiltrate, 
which  also  involved  the  brain  stem.  There  was  a  hemorrhage  just  beneath  the 
ependyma  of  the  fourth  ventricle.  Neuronophagia  was  not  marked,  and  there 
were  no  hemorrhages  to  be  found  anywhere  within  the  spinal  cord  or  medulla. 

There  were  no  aggregation  of  lymphocytes   in  the  liver. 

A  portion  of  the  spinal  cord  and  medulla  was  sent  to  the  Rockefeller 
Institute  .for  Medical  Research.  The  report  submitted  states  that  the  results 
of  inoculation  of  a  monkey  were  negative.  The  cord  was  shipped  in  com- 
mercial  glycerine   so   that   negative   findings   may   not   be   conclusive. 

The  report  from  Dr.  Flexner  states  "The  lesions  are  extensive,  as  you 
will  see.  I  have  no  doubt  that  they  are  poliomyelitic.  The  large  numliers 
of  polymorphonuclear  cells  present  in  certain  of  the  lesions  are  proljalily 
accounted  for  by  the  acuteness  of  the  pathological   process." 

Case  2. — A  girl,  aged  10  years,  had  a  sudden  onset  of  illness,  Oct.  27, 
1921,  with  severe  and  frequently  repeated  attacks  of  vomiting,  but  with  no 
intestinal  disturbances.  Large  quantities  of  mucus  and  saliva  produced  con- 
stant expectoration,  and  as  much  as  from  4  to  6  ounces  were  expelled  in 
an  hour.  This  severe  sialorrhea  persisted  throughout  the  illness.  The  pulse 
and  respiration  became  very  rapid.  Up  to  October  30,  there  was  no  involve- 
ment of  the  extremities.  The  patellar  and  Achilles  tendon  reflexes  were 
observed  liy  Dr.  Dcwitt  H.  Sherman  at  6  p.  ni.  on  this  date  and  found  to 
be  present  and  equal.  Reexamination  two  hours  later  revealed  complete  loss 
of  these  reflexes.  At  this  time  a  nystagmus  in  the  vertical  direction  first 
appeared.  The  child  was  becoming  comatose,  with  labored  respiration  and 
the  lungs  filled  with  rales.  Mucus  was  expelled  with  difficulty,  and  the 
throat  required  frequent  swabbing  out.  Lumbar  puncture  showed  the  cerebro- 
spinal fluid  under  pressure;  clear;  cell-count  125,  mostly  mononuclears  with 
a  few  broken  down  polynuclear  cells.  There  were  no  bacteria.  There  was  a 
moderate   increase  in  the   amount  of  globulin   and   albumin. 

As  the  coma  deepened  the  respiration  and  the  pulse  rate  became  more 
rapid,  and  the  lungs  partly  edematous.  The  extremities  were  immobile,  liut 
the    intercostals    and    the    diaphragm    were    acting    fairly    well    at    ten    o'clock. 

Five  hours  later  paralysis  of  the  intercostals  was  observed,  the  breathing 
being  entirely  diaphragmatic,  and  the  child  was  markedly  cyanosed  and  unal)le 
to  expel  mucus.  At  this  stage,  injection  of  1  c.c.  of  epinephrin  solution 
1  :  1,000  intraspinally  was  followed  by  a  prompt  return  of  intercostal  action 
and   relief  of  the  cyanosis. 

About  5  a.  m.,  the  child  was  rolled  over  in  bed.  The  lungs  seemed  to 
be  full  of  fluid,  and  the  child  could  not  breathe  in  the  new  position,  although 
the  intercostal  muscles  and  the  diaphragm  appeared  to  be  active.  It  is 
proliable  that  the  change  of  position  filled  the  only  functioning  part  of  the 
lungs   with   fluid,   and   the  child   drowned   in    its   own   secretions. 

Necropsy  was  performed  by  Dr.  Roman,  after  the  body  had  been  embalmed. 

There    was    slight    clouding    of    the    leptomeninges    over    the    base    of    the 

brain  and  over  the  spinal  cord.     Hemorrhages  into  the  substance  of  the  Ijrain 

or  on  cross  sections  of  the  spinal  cord  were  nowhere  to  be  seen.     There  was 

considerable    hyperplasia    of    the    lymphadenoid    tissue    of    the    pharynx    and 
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mouth.  The  tonsils  had  recently  been  removed.  There  was  slight  enlarge- 
ment of  the  spleen  and  marked  hyperplasia  of  the  follicles.  The  mucosa  of 
the  stomach  was  congested.  Parenchymatous  degeneration  was  found  in  the 
heart,  liver  and  the  kidneys.  Ulcerative  tuberculous  enterocolitis  and  case- 
ation with  ossification  of  the  mesenteric  lymph  nodes  was  found  as  an  asso- 
ciated  lesion. 

Microscopic  examination  of  the  central  nervous  system  showed  inflamma- 
tory changes  throughout  the  entire  length  of  the  spinal  cord  and  medulla,  as 
evidenced  by  infiltration  of  round  cells  with  occasional  leukocytes,  mostly 
around  the  blood  vessels.  This  was  most  marked  in  the  neighborhood  of  the 
anterior  horn  cells.  The  pia  showed  marked  inflammatory  involvement,  the 
blood  vessels  of  which  were  strongly  infiltrated  with  round  cells.  There 
were  no  distinct  hemorrhages. 

The  liver  showed   a  few   small   interlobular  foci  of  lymphocytes. 

COMMENT 

The  Other  three  bulbar  cases  showed  practically  the  same  pathologic 
changes  in  the  central  nervous  system  and  the  lymphatic  hyperplasia. 

Extreme  hyperplasia  of  the  lymphadenoid  tissue  of  the  moutli  and 
pharynx  was  found  in  all  the  cases. 

A  remarkable  feature  of  all  these  cases  was  the  evidence  or  history 
of  preceding  tonsillar  infection  and  tonsillectomy.  It  would  seem  that 
the  most  severe  cases  were  those  associated  with  a  chronic  hyperplasia 
of  the  lymphoid  structures.  While  this  was  more  marked  in  the  bulbar 
cases,  the  same  general  condition  occurred  in  the  Landry  type  of  rapidly 
progressive  paralysis  and  in  the  ordinary  spinal  cases. 

Dr.  Roman  is  of  the  opinion  that  the  notable  lack  of  paralysis  other 
than  that  involving  the  pharyngeal  muscles  in  all  the  necropsied  cases 
may  be  anatomically  explained  by  the  absence  of  hemorrhages  in  the 
lesions  and  the  comparatively  slight  neuronophagia. 

The  absence  of  hemorrhagic  exudates  in  these  cases  appears  in 
contrast  to  the  pathologic  changes  found  in  former  years  when  hemor- 
rhages  in  the  cord  structures  were  a  common  observation. 

The  absence  of  marked  neuronophagia  is  also  in  contrast  to  the 
frequent  findings  in  poliomyelitis,  and  the  entire  grou])  presents  histo- 
logically manv  of  the  changes  found  in  epidemic  ence])halitis. 

Anatomically,  however,  the  changes  are  widesj^read  throughout  ihe 
entire  length  of  the  spinal  cord,  with  com])aratively  slight  involvement 
of  the  structures  above  the  pons. 

None  of  the  twenty-two  cases  of  encejihalitis  observed  during  the 
past  vear  came  to  necropsy,  but  the  clinical  signs  indicate  a  ]:)reponder- 
ance  of  the  lesions  in  the  central  nervous  system  above  the  level  of  the 
pons,  affecting  particularly  the  cerebrum  and  the  motor  nuclei  of  the 
midbrain.  Extension  below  this  limit  is  not  imusual.  ns  is  scon  in  tlie 
cases  showing  spinal  root  symptoms.  Two  cases  of  definite  ence])halitis 
showed  markecl  vagus  and  sympathetic  involvement,  such  as  dyspnea. 
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tachycardia  and  profuse  sweatinj^',  and  these  symptoms  persisted  for 
some  time — more  than  six  months  in  one  case — following  the  slightest 
physical  exertion. 

From  the  study  of  epidemic  encephalitis  and  epidemic  poliomyelitis 
during  the  past  few  years  it  has  heen  our  observation  that  the  region  of 
the  ])()ns  marks  the  neutral  ground  between  these  syndromes.  Enceph- 
alitis occasionally  invades  the  structures  below  the  pons,  while  polio- 
myelitis attacks  the  structures  up  to  the  pons  far  more  frequently  than 
beyond  this  limit. 

While  the  general  histologic  character  of  the  lesions  are  remarkably 
similar — and  in  l)oth  aliecti(jns  they  are  widespread,  far  beyond  the 
limits  which  might  be  inferred  from  the  clinical  signs — anatomically 
they  can  be  considered  as  jjredominatingly  encephalitic  or  i)o]iomyelitic. 

Inoculation  ex])eriments  would  indicate  that  the  infective  agent  is 
different  in  the  two  syndrotiies — one  having  a  selective  action  for  struc- 
tures above  the  pons,  while  the  other  attacks  the  bulbospinal  portion 
of  the  central  nervous  system. 

The  fact  that  one  of  our  cases  showing  definite  anatomic  bulbar  and 
spinal  lesions  gave  a  negative  result  with  the  inoculation  experiments 
shows  the  uncertainty  of  the  etiologic  diagnosis  in  some  of  this  tvpe 
of  cases. 


AX  ANATOMIC  STUDY  OF  THE   FAISCEAU  DE  TUERCK 
IN     RELATION     TO     THE     TEMPORAL     LOBE* 

JOHN     H.    \V.    RHEIX.     M.D. 
Professor  of   Neurology,   Graduate    School   of   Medicine,   University  of   Penn- 
sylvania;  Visiting  Neuropsychiatrist  to   the   Neuropsychiatric   Ward 
of  the   Philadelphia  General  Hospital 

PHILADELPHIA 

An  opportunity  for  further  study  of  the  anatomic  relations  of  the 
faisceau  de  Tiirck  was  afforded  in  a  patient  who  was  admitted  to  the 
neuropsychiatric  wards  of  the  Philadelphia  General  Hospital  in  my 
service  on  Nov.  30,  1920,  and  who  died  on  Dec.  10,  1920.  The  clinical 
symptoms  began  six  months  before  the  fatal  termination,  but  having 
no  bearing  on  the  anatomic  study,  will  be  omitted. 

At  necropsy  examination,  a  tumor  (Fig.  1)  measuring  5  cm. 
anterio-posteriorly  and  4  cm.  transversely  was  found  occupying  the 
posterior  two  thirds  of  the  first  and  second  temporal  convolutions.  It 
was  adherent  to  the  dura,  and  a  cross  section  showed  marked  vascularity. 
Posteriorly  the  tumor  (Fig.  2)  did  not  extend  quite  to  the  anterior 
occipital  fissure.  Macroscopically,  in  its  posterior  aspects,  the  tumor 
was  rather  sharply  defined,  but  there  was  evidently  some  invasion  of 
the  adjoining  cortex  and  white  matter,  that  is,  of  the  gyrus  between 
the  tumor  and  the  anterior  occipital  fissure,  to  the  extent  of  about  2.5 
cm.  Anteriorly,  the  tumor  was  less  clearly  defined  except  in  its  outer 
portion,  where  for  a  short  distance  beneath  the  cortex  it  was  rather 
sharply  outlined. 

Dipping  inward,  anterior  to  the  tumor,  was  a  fissure  which  was 
believed  to  be  the  deep  temporal  fissure,  anterior  to  which  was  what 
was  regarded  as  the  deep  temporal  convolution.  This  convolution 
macroscopically  showed  distinct  implication  by  the  tumor  process.  The 
tumor  extended  laterally  into  the  brain  tissue  as  far  as  the  inferior 
longitudinal  fasciculus  and  the  optic  radiations  but  did  not  appear  to 
involve  these  bundles.  Microscopically  the  tumor  proved  to  be  a 
glioma  (Fig.  3). 

The  brain  was  cut  in  serial  sections  on  both  sides  from  the  superior 
level  of  the  tumor  as  far  down  as  the  pons.  The  tumor  itself,  with  the 
adjacent  brain  tissue,  was  also  cut  at  various  levels  in  order  to  study 
its  relation  to  the  adjoining  cortex  and  other  brain  structures.  These 
sections  were  stained  by  the  ^^^eigcrt  methods  and  by  hematoxylin 
and  eosin. 


♦From  the  Neuropsychiatric  Department  of  tlic  Philadelphia  General  Hos- 
pital and  the  Neuropathological  Laboratory  of  the  Philadelphia  General 
Hospital. 
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Fig.  1. — Tumor  showing  its  relation  to  the  posterior  two  thirds  of  the  first 
and  second  temporal  gyri. 


Fig.  2. — Cross-section  of  the  brain  showing  the  extent  of  the  tumor. 
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Tlie  cortex  at  the  site  of  the  tumor  was  completely  destroyed,  and 
nowhere  in  this  region  could  aiiy  cortical  tissue  or  white  matter  be 
discovered.  The  cortical  and  subcortical  layers  anterior  to  the  tumor, 
namely,  the  deep  temporal  gyrus  which  dips  normally  down  almost  to 
the  external  ca])sule.  the  inferior  longitudinal  fasciculus  and  the  optic 
radiations  were  differentiated  as  to  gray  and  white  matter,  but  in  the 
tissue  just  adjoining  the  tumor  there  was  pronounced  cellular  infiltra- 
tion witli  cells  having  the  same  characteristics  as  those  found  in  the 
tumor. 

Posterior  to  the  tumor  and  between  this  and  the  anterior  occipital 
fissure   of   Wernicke   a   similar  condition   could   be   observed,   namely, 


•^»  ,^     f> 
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Fig.   3. — Micro,scn])ic    section   of   tlie   tumor. 

differentiation  of  the  cortical  and  white  matter  and  implication  of  these 
by  the  cellular  infiltration. 

It  was  possible  to  conclude  from  this  study  that  the  cortex  and 
white  matter  of  the  superior  and  middle  temporal  gyri  were  totally 
destroyed  by  the  tumor,  and  the  brain  tissue  anterior  and  posterior  to 
these  regions  to  the  extent  of  about  2.5  cm.  was  implicated  by  a 
cellular  infiltration  consisting  of  cells  similar  to  those  foimd  in  the 
tumor  proper. 

A  study  of  the  serial  sections  of  the  brain  internal  to  the  tumor 
and  the  corresponding  levels  on  the  opposite  side  failed  to  reveal  any 
evidence  of  degeneration  on  either  side.  The  faisceau  de  Tiirck,  at  the 
point  where  it  appears  in  the  retrolenticular  region,  was  intact.     The 
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foot  of  the  peduncle  stained  uniformly  and  showed  an  undegenerated 
faisceau  de  Tiirck  in  this  region   (Fig.  4). 

The  duration  of  the  tumor,  which  showed  its  first  clinical  mani- 
festations six  months  prior  to  death,  justifies  the  assumption  that  the 
degeneration  should  have  had  time  to  appear  in  the  faisceau  de  Tiirck, 
where  it  appears  in  the  retrolenticular  region  if  not  in  the  foot  of  the 
peduncle,  if  its  cortical  origin  had  been  destroyed. 

In  1912,  I  ^  read  before  the  American  Neurological  Association  a 
paper  on  a  study  of  the  faisceau  de  Tiirck ;  and  I  stated  that  the 
anatomic  relations  of  the  faisceau  de  Turck  were  still  a  matter  of  dis- 
pute. The  origin  of  this  tract,  according  to  Dejerine,  was  the  middle 
portion  of  the  temporal  lobe,  more  especially  the  cortex  of  the  second 


Fie.  4. — Alisence   of  degeneration  of  the   faisceau  de  Tiirck. 


and  third  temporal  lobes,  which  Kann  and  Brodman  believed  could  be 
confirmed  from  their  studies.  The  studies  of  Katt winkle  and  Neu- 
mayer  placed  its  origin  in  the  third,  second  and  first  temporal  con- 
volutions. Flechsig  and  Van  Gehuchten  did  not  agree  with  this  view. 
Von  Bechterew,  Flechsig  and  Meynert  and  others  placed  its  origin  in 
both  the  temporal  and  occipital  lobes ;  Brero,  in  the  parietal  lobe ;  while 
von  Monakow  and  others  asserted  that  its  origin  was  in  the  parietal  and 
temporal  lobes,  von  Monakow  believing  that  some  of  the  fibers  came 
from  the  occipital  lobe.  Marie  and  Guillain,  from  a  study  of  nineteen 
cases,  believed  that  these  fibers  came  from  the  third  temporal  con- 
volution. The  case  of  Mills  and  Spiller,  in  which  the  anterior  part  of 
the  second  temporal  gyrus  and  a  portion  of  its  upper  middle  segment 


1.  Rhein,  John  H.  W. :    J.  Nerv.   &   Ment.   Dis.  38:    No.  9  (Sept.)    1911. 


212  JOHX    H.     W.    RHEIX 

were  degenerated  without  showing  any  involvement  of  the  faisceau  de 
Tiirck;  the  case  of  Lowenstein,  in  which  the  anterior  half  of  the  second 
temporal  and  the  anterior  two  thirds  of  the  temporal  were  implicated 
with  an  intact  faisceau  de  Tiirck;  and  a  case  previously  reported  by 
myself  in  which  there  was  atrophy  of  the  middle  portion  of  the  j^econd 
and  third  temporal  and  part  of  the  first  temporal  convolutions  without 
degeneration  of  this  tract,  led  me  to  the  conclusion  at  that  time  that  it 
could  originate  only  in  the  posterior  part  of  the  temporal  gyrus,  if  at 
all  in  the  temporal  lobes.  The  case  reported  in  this  paper  would  indicate 
that  the  faisceau  de  Tiirck  does  not  spring  from  the  posterior  two 
thirds  of  the  superior  and  middle  temporal  gyri  or  the  adjacent  cortex. 

A  study  of  the  literature  cited  demonstrates  that  the  most  reliable 
authorities  exclude  every  portion  of  the  cortex  of  the  temporal  con- 
volutions except  the  posterior  part  of  the  inferior  temporal  gyrus  as  the 
origin  of  this  fasciculus.  From  this,  it  may  be  concluded  that  the 
faisceau  de  Tiirck  does  not  arise  from  any  other  portion  of  the  temporal 
lobe  since  every  other  locality  may  be  excluded  as  a  possible  origin. 
I  know  of  no  case  in  literature  in  which  a  lesion  purely  of  the  posterior 
portion  of  the  inferior  temporal  gyrus  has  occurred  and  in  which 
studies  of  the  pathology  have  been  made  with  a  view  to  connecting  the 
faisceau  de  Tiirck  with  this  region. 

The  studies  of  nineteen  cases  by  Marie  and  Guillain  showed  that  the 
region  most  frequently  giving  rise  to  this  degeneration  is  that  portion 
just  behind  the  posterior  segment  of  the  internal  capsule  in  the  white 
substance  situated  between  the  temporal  convolutions  and  the  external 
wall  of  the  occipital  horn  of  the  lateral  ventricle,  where,  they  state,  the 
fibers  from  the  third  temporal  convolution  pass.  In  the  second  case 
which  I  reported  in  1912,  the  findings  corresponded  to  those  of  IMarie 
and  Guillain.  In  this  case,  the  lesion  implicated  the  white  matter  of  the 
posterior  portion  of  the  posterior  segment  of  the  external  capsule  as  well 
as  that  of  the  posterior  portion  of  the  temporal  lobe  and  the  wall  of  the 
descending  horn  of  the  lateral  ventricle,  and  the  faisceau  de  Tiirck  was 
almost  completely  degenerated.  There  w^as  a  cutting  ofif  of  the  fibers 
from  the  third  temporal  convolution  as  well  as  of  those  from  the 
occipital  lobe  in  part. 

I  think  it  may  be  concluded  that  if  the  temporal  lobe  is  the  origin 
of  fibers  which  degenerate  in  a  descending  direction,  consisting  of  the 
faisceau  de  Tiirck.  they  may  come  from  the  posterior  third  of  the 
third  temporal  convolution. 

I  wish  to  express  my  appreciation  of  the  assistance  of  Dr.  X.  W.  Wiiikleman 
in  the  study  and  preparation  of  the  sections. 

17.32  Pine  Street. 
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DISCUSSION 

Dr.  Adolf  Meyer,  Baltimore:  It  is  very  important  for  us  to  realize  that 
the  cases  by  which  these  matters  can  be  brought  to  a  test  are  relatively  few. 
In  the  first  place,  the  specimens  of  tumor  are  always  somewhat  hazardous  on 
account  of  the  fact  that  degenerations  can  be  hidden  or  diffused.  For  a  com- 
plete decision  of  the  question  we  really  need  experimental  material  and  oper- 
ative extirpations  such  as  occur  occasionally.  In  that  connection  the  temporal 
lobe,  especially  of  the  right  side,  may  be  sacrificed  without  serious  damage. 
We  also  ought  to  use  the  cases  of  arteriosclerosis  or  embolic  softening,  which 
are  not  rare  after  all,  but  are  unfortunately  rarely  referred  to  competent  lab- 
oratories because  most  people  think  that  it  is  old  and  long  settled  material. 
I  have  personally  not  had  any  material  so  far  that  appeared  to  me  would 
throw  conclusive  evidence  on  this  question.  I  have  not  obtained  any  embolism 
or  softening  within  the  Marchi  period,  and  practically  most  of  the  specimens 
I  have  are  fusions  of  temporal   lobe  and  occipital  lobe  lesions. 

Concerning  the  occipital  lobe  lesions  I  am  absolutely  sure  of  an  efferent  path 
to  the  pons.  In  a  case  published  in  the  Transactions  of  the  American  Physi- 
cians, in  1905,  an  attempt  at  suicide  led  to  an  experimental  destruction  of  the 
parietal  lobe  with  destruction  of  the  most  dorsal  parts  of  the  sagittal  mar- 
rows, with  a  very  definite  Marchi  degeneration  extending  into  Tiirck's  bundle ; 
but  from  the  point  of  view  of  the  temporal  lobe  I  do  not  know  of  any  American 
material  at  least  that  would  be  absolutelv  conclusive. 
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Unusual  opportunities  are  aft'orded  by  war  injuries  for  the  observa- 
tion of  disturbances  of  the  visual  functions  in  their  relation  to  more 
or  less  circumscribed  lesions  of  the  brain,  and  several  important  contri- 
butions to  this  subject  have  been  published  in  foreign  journals  since 
the  beginning  of  the  world  war.  In  1916,  Holmes  and  Lister  ^  reported 
their  observations  on  a  large  series  of  cases  of  this  type  and  deduced 
the  following  conclusions : 

1.  The  upper  and  lower  halves  of  each  retina  are  represented  in  the 
ui)per  and  lower  halves  of  each  visual  area,  respectively. 

2.  The  center  for  macular  vision  lies  in  the  posterior  part  of  the 
visual  area,  probably  on  the  margins  and  lateral  surfaces  of  each 
occipital  pole.    The  macula  has  not  a  bilateral  representation. 

3.  The  center  for  vision  subserved  by  the  j:)€riphery  of  the  retina 
is  situated  in  the  anterior  part  of  the  visual  area,  and  serial  concentric 
zones  of  the  retina  from  the  macula  to  the  periphery  are  represented 
in  this  order,  from  behind  forward  in  the  visual  cortex. 

4.  Those  parts  of  the  retinas  adjoining  their  vertical  axes  are 
probably  represented  in  the  dorsal  and  ventral  margins  of  the  visual 
areas  along  the  mesial  surfaces  of  the  occipital  lobe,  while  the  retina 
in  the  neighborhood  of  its  horizontal  axis  is  projected  onto  the  walls 
and  floor  of  the  calcarine  fissures. 

5.  Severe  lesions  of  the  visual  cortex  produce  complete  blindness 
in  corresponding  parts  of  the  visual  fields  or.  if  incomplete,  an 
amblyopia,  color  vision  being  generally  lost  and  white  objects  appearing 
indistinct,  or  only  more  potent  stimuli,  as  abruptly  moving  objects, 
may  excite  sensations. 

6.  Defects  of  vision  in  the  two  eyes  are  always  congruous  and 
superimposable.  provifled  no  abnormalities  of  the  ])cripheral  visual 
apparatus  exist. 


1.  Holmes    and    Lister:     Disturl)ance    of    Vision    from    Cerebral    Lesions, 
Brain  39:34,   1916. 
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7.  Lesions  of  the  lateral  surface  of  the  heniis])heres,  especially  of 
the  posterior  i)arietal  regions,  may  cause  certain  disturhances  of  the 
higher  perceptual  functions  with  intact  visual  orientation,  and  localiza- 
tion in  space;  disturbance  of  the  perception  of  depth  and  distance; 
loss  of  visual  attention  and  agnosia. 

Again  in  1918,  Holmes  -  called  attention  to  the  various  types  of 
hemianopsias,  quadrant  defects,  multiple,  paracentral  and  central 
scotomas  that  resulted,  depending  on  the  location  of  the  lesion  and  the 
amount  of  tissue  destroyed.  Visual  charts  were  presented  describing 
these  defects,  with  explanations  as  to  the  probable  site  of  the  lesion. 
In  a  few  instances  postmortem  findings  were  also  given. 

In  the  same  year,  Holmes  ^  contributed  an  article  on  the  ''Dis- 
turbance of  Visual  Orientation,"  grouping  the  symptoms  of  the  condi- 
tion under  two  main  headings:  (a)  the  disturbance  of  orientation  and 
localization  in  space  by  sight;  {h)  the  disturbance  of  movement  of  the 
eyes  and  ocular  reflexes. 

In  1917  Riddock  *  published  a  paper  on  dissociations  of  visual  per- 
ceptions due  to  occipital  injtiries  and  referred  especially  to  the  apprecia- 
tion of  movement  in  the  blind  field  and  its  prognostic  value,  and  to  the 
types  of  dissociation  being  analogous  to  the  dissociation  of  general 
somatic  sense  impressions  as  occurring  in  cerebral  injuries.  He 
corroborated  the  findings  of  Lister  and  Holmes  in  regard  to  cerebral 
localization  of  the  macula,  etc. 

A  year  later  Moreau,'"'  studying  occipital  injuries  from  a  slightly 
different  angle,  divided  the  retina  from  the  periphery  centrally  into 
three  zones  of  perception,  distinction  and  fixation.  He  said  that  it 
was  necessary  to  study  from  a  physiologic  standpoint  the  reason  why 
central  vision  was  so  often  intact  in  cases  of  lateral  and  even  bilateral 
hemianopsia,  as  jniblications  had  been  too  much  concerned  with  the 
lost  areas  of  peripheral  vision.  He  thought  complementary  studies  of 
central  vision  were  more  important,  especially  the  physiologic  and 
auto-examinations;  and  that  these  should  i)recede  the  clinical,  as  the 
physiologic  point  of  view  is  important  in  discussing  the  independent 
existence  of  foveal  and  macular  fibers,  whether  crossed,  direct  or  mixed. 

Morax  ^  said  he  had  never  found  fixation  affected  in  hemianopic 
scotomas  due  to  a  unilateral  occipital  lesion,  but  he  had  found  it  lost 


2.  Holmes :    Disturbances   of   Vision   by    Cerel)ral    Lesions,   Brit.    T.    Oplith. 
2:353,  1918. 

3.  Holmes:    Disturbance  of  Visual  Orientation,  Brit.  M.  J.  2:449.  506,  1918. 

4.  Riddock:    Dissociations  of  Visual  Perceptions  Due  to  Occipital  Injuries, 
with   Especial  Reference  to  Appreciation  of  Movement,  Brain  40:15,   1917. 

5.  Moreau:    Sur  les  troubles  de  la  vision  maculaire  produit  par  les  lesions 
traumatique  de  la  region  occipitale,  Ann.  D'Oculistique  155:357,   1918. 

6.  Morax:    Discussion  des  hypothesis  faites   sur  les   connexions  corticales 
des  faisceau  maculaires,  Ann.  D'Oculistique  156:25,  1919. 
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when  both  occipital  lobes  were  affected.    He  made  a  distinction  between 
the  periphery  of  the  macular  area  and  the  fixation  point. 

Referring  to  a  previous  article  by  Morax,  Moreau  and  Castelain," 
he  said  that  they  had  fotmd  the  same  alterations  in  the  periphery  of 
the  macula  as  in  the  peripheral  field  properly  speaking;  that  is,  either 
a  quadrant,  complete  or  irregular  hemianopsia.  This  may  occur  either 
in  conjunction  with  the  peripheral  field  alterations  or  not,  thus  pre- 
supposing two  centers,  one  for  the  macula  and  one  for  the  periphery. 

Concerning  the  state  of  vision  at  the  point  of  fixation  in  cases  of 
macular  and  peripheral  hemianopsias  or  scotomas,  they  never  found  it 
altered.  Morax  says  it  is  necessary  to  admit  of  a  small  zone  at  the 
point  of  fixation,  of  probably  1  degree  in  extent,  which  possesses  very 
complex  connections.  His  conclusions  are  practically  the  same  as  those 
of  Holmes,  but  he  states  more  clearly  that  the  preservation  of  normal 
acuity  of  vision  is  compatible  with  the  destruction  of  one  macular 
center,  that  is,  either  the  right  or  left  occipital  lobe. 

A\'ilbrand  and  Sanger  *  evidently  accept  the  view  that  the  macula, 
or  at  least  the  center  of  it,  has  bilateral  cortical  connections.  They 
cite  cases,  however,  in  which  hemianopic  fields  are  blind  to  the  fixation 
point,  without  loss  of  acuity  of  central  vision. 

The  patients  forming  the  basis  of  this  report  were  under  observation 
in  General  Hospital  No.  11  at  Cape  May  in  1919,  and  in  each  case 
had  received  a  wound  of  the  head  which  involved  one  or  both  occipital 
lobes.  In  each  of  three  cases  (1,  5  and  7)  a  foreign  body  had  traversed 
the  brain  for  a  considerable  distance,  in  two  instances  (  1  and  7)  passing 
from  one  hemisphere  to  the  other  across  the  median  line.  In  Cases  5 
and  7  the  roentgen  ray  revealed  projectiles  in  the  substance  of  the 
brain  near  the  opposite  side  of  the  cranium  from  the  points  of  entrance. 
In  Case  1  there  was  evidence  that  a  projectile  had  been  removed  by 
early  operation  at  a  distance  from  the  wound  of  entry.  In  several  cases 
small  fragments  of  bone  were  revealed  within  the  cranial  cavil y  near 
the  defect  in  the  skull. 

While  none  of  the  jmtients  in  this  series  came  to  necropsy  and  it 
was  impossible  to  determine  with  accuracy  the  extent  of  the  brain 
injuries,  it  is  of  some  interest  to  observe  the  correlation  of  the  visual 
defects  and  the  brain  lesions. 

In  charting  the  fields  a  self  registering  perimeter  was  used  to 
determine  the  peripheral  fields  and  an  im])rovised  screen  similar  to  the 
Bjerrum  screen  for  the  purpose  of  mapi)ing  more  accurately  the  visual 


7.  Morax,  Moreau  and  Castelain :  Les  difFercnts  types  d'alterations  de  la 
vision  maculair  dans  les  lesions  traumatiquc  occipital.  Ann.  D'Oculistique  156: 
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defects  of  the  central  areas.  Using  an  object  5  mm.  square,  and  with 
the  patient  at  a  distance  of  1  meter  from  the  screen,  defects  in  the 
central  areas  may  l)e  recorded  with  a  margin  of  error  of  less  than  1 
degree. 

The  illustrations  showing  the  position  of  cranial  defects  and  of 
foreign  bodies  are  based  on  tracings  from  radiographs.  Conventional 
diagrams  of  the  cranium,  that  of  the  lateral  aspect  modified  from  Marie 
and  Foix.-'  and  of  the  posterior  aspect  from  Wilbrand  and  Sanger,^  are 
utilized,  depicting  the  bony  landmarks  in  relation  to  those  of  the 
cerebral  cortex.  The  close  approximation  of  the  posterior  poles  of  the 
occipital  lobes  to  the  external  occipital  protuberance  is  particularly  to 
be  noted. 

REPORT     OF     CASES 

Case  1.— P.  B.,  26  years  of  age,  was  wounded  Sept.  27,  1918,  in  the  left 
occipital  region,  after  which  he  was  unconscious  for  several  hours.  Tliere  was 
an  early  operation  the  details  of  which  are  unknown.  Following  this  he  was 
paralyzed  in  the  left  arm  and  leg  for  two  or  three  months.  He  was  admitted 
to  Hospital  No.  11,  March  13,  1919.  Roentgen-ray  examination  revealed  a 
cranial  defect  in  the  left  occipitoparietal  region  (Fig.  1),  a  small  metallic 
fragment  near  the  midline  intracranially,  trephine  holes  and  the  outlines  of  a 
bone  flap  in  the  right  parietal  bone.  There  was  a  trace  of  a  residual  left  hemi- 
plegia and  a  right  homonymous  hemianopsia.  Eye  movements,  pupils  and  fundi 
were  normal.  Fixation  was  retained.  Visual  acuity:  right  eye  20/15,  left 
eye  20/20.  The  field  charts  (Fig.  1)  show  the  blind  areas  extending  to  within 
less  than  1  degree  of  the  fixation  point,  and  about  the  same  distance  from  the 
midlines  in  the  upper  halves  of  the  fields.  In  this  case  evidence  justifies  the 
conclusion  that  a  projectile  entered  the  left  occipital  region  at  the  site  of  the 
cranial  defect,  passing  upward,  forward  and  to  the  right,  and  lodged  in  the 
right  parietal  region  from  whence  it  was  removed  by  an  early  operation. 

Casp:  2.— W.  C,  a  man  aged  25,  had  been  wounded  Sept.  29,  1918,  by  a  shell 
fragment  in  the  left  posterior  parietal  region  near  the  midline.  He  was  uncon- 
scious for  aljout  five  minutes,  and  there  is  no  record  of  an  early  operation. 
He  was  admitted  to  Hospital  No.  11,  March  10,  1919,  with  an  unhealed  wound. 
Roentgen-ray  examination  showed  a  cranial  defect  2  cm.  in  diameter  near  the 
posterior  superior  angle  of  the  left  parietal  bone  (Fig.  2),  also  numerous  small 
bone  fragments  near  the  margins  of  the  defect  and  a  small  metallic  foreign 
body  2  cm.  downward  from  the  inner  table.  Homonymous  hemianopsia  con- 
stituted the  only  focal  symptom  of  cerebral  injury.  Ocular  movements,  pupils 
and  fundi  were  normal,  and  fixation  was  retained.  Visual  acuity:  right  eye 
20/20,  left  eye  20/20.  Field  charts  made  with  a  5  mm.  test  oliject  showed 
homonymous  hemianopsia  extending  to  within  0.5  degree  of  fixation  points. 
Tests  made  with  Ijright  lights  and  large  moving  objects  revealed  a  slight 
degree  of  retained  vision  throughout  the  affected  fields.  From  the  location  of 
the  cranial  defect  and  the  relative  position  of  the  metallic  and  bone  fragments, 
it  is  apparent  that  the  cereliral  lesion  involved  the  left  occipital  lobe  near  the 
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Fig.  1  (Case  1,  P.  B.)- — Left  parieto-occipital  wound  and  cranial  defect;  right 
parietal  bone  flap;  right  homonymous  hemianopsia.     Perimeter  charts. 
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Fig.  2  (Case  2,  W.  C.)- — Wound  and  cranial  defect  in  left  posterior  superior 
parietal  region;  incomplete  right  homonymous  hemianopsia.     Perimeter  charts. 
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upper  margin  at  a  considerable  distance  from  the  occipital  pole.  Tlie  destruc- 
tive effect  of  the  wound  was  evidently  downward,  toward  the  optic  radiations 
of  Gratiolet. 

Case  3. — F.  C.  B.,  aged  2i,  was  wounded  Nov.  1,  1918.  in  tlie  right  occipital 
region,  after  which  he  was  unconscious  for  one  half  hour.  There  was  no 
record  of  an  early  operation.  The  wound  healed  in  February,  1919,  and  he 
was  admitted  to  Hospital  Xo.  11  a  month  later.  A  roentgenogram  proved  that 
there  was  a  cranial  defect  5  cm.  in  diameter  involving  the  right  occipitoparietal 
suture  (Fig.  3).  There  were  numerous  small  bone  fragments  in  the  vicinity  ot 
the  defect.  A  left  homonymous  hemianopsia  was  the  only  focal  cerebral 
symptom  observed.  Ocular  movements  and  pupils  were  normal ;  both  fundi 
showed  slightly  blurred  disk  margins.  Visual  acuity:  right  eye  20/20.  left 
eye  20/20.  Fixation  was  retained.  The  charts  show  hemianopic  fields  extend- 
ing to  within  0.25  degree  of  the  fixation  points   (Fig.  3). 

Case  4. — J.  B.,  aged  24  years,  received  multiple  wounds  in  the  shoulder  and 
back  from  a  bursting  shell  on  June  13,  1918,  and  was  wounded  a  second  time 
on  Nov.  3,  1918,  a  piece  of  metal  passing  through  the  right  orbit  and  lodging 
in  the  right  temporal  muscle  without  penetrating  the  cranium.  The  right  eye 
was  enucleated,  but  there  was  no  record  of  an  occipital  wound.  This  patient 
was  admitted  to  Hospital  No.  11,  Feb.  20,  1919.  Roentgen-ray  examination 
showed :  (a)  a  metallic  foreign  body,  1.5  cm.  in  diameter,  in  the  right  temporal 
muscle  above  the  zygoma;  {b)  a  cranial  defect  2  cm.  in  diameter  in  the  occipital 
bone  1  cm.  to  the  right  and  1  cm.  above  the  external  occipital  protuberance. 
The  field  chart  shows  a  left  hemianopsia  extending  practically  to  the  fixation 
point.  The  visual  acuity  was  20/30.  Although  the  patient  was  unaware  of 
the  occipital  wound,  and  the  history  contained  no  record  of  it,  circumstances 
indicate  that  it  occurred  at  the  time  he  received  the  wound  on  the  back  and 
shoulder.  If  that  surmise  is  correct,  this  soldier  returned  to  duty  with  an 
unrecognized  homonymous  hemianopsia. 

Case  5. — G.  C,  aged  31  years,  a  man,  received  a  wound  Nov.  3,  1918,  in  the  left 
occipital  region  near  the  external  occipital  protuberance.  He  was  transferred 
to  Hospital  No.  11,  Dec.  28,  1918,  for  observation.  On  admission  the  following 
conditions  were  present :  marked  right  hemiplegia,  complete  aphasia  and  right 
homonymous  hemianopsia.  The  hemiplegia  gradually  receded  to  a  slight 
residual  remnant.  Speech  and  the  comprehension  of  spoken  language  were  in 
large  measure  regained;  but  almost  complete  alexia  persisted.  The  hemi- 
anopsia, however,  was  complete  and  permanent.  Roentgen-ray  findings  were : 
(o)  a  cranial  defect,  1  by  0.75  cm.,  1  cm.  above  the  inion,  bordering  the  mid- 
line; ib)  a  metallic  foreign  body  in  the  frontal  region  close  to  the  midline, 
about  3  cm.  under  the  coronal  suture  (Fig.  5).  Ocular  movements  and  pupils 
were  normal,  and  the  fundi  were  negative  with  the  exception  that  the  left  disk 
margin  was  blurred.  Fixation  was  retained  and  visual  acuity  was :  right  eye 
20/20,  left  eye  20/20.  Charts  of  the  macular  areas  show  the  l)lind  fields  extend- 
ing to  within  0.66  of  a  degree  of  the  fixation  point. 

Case  6. — No  details  of  the  early  history  of  A.  D.,  aged  25  years,  were 
available.  A  roentgenogram  revealed  a  large  irregular  cranial  defect,  4  by 
8  cm.,  involving  the  left  occipital  and  parietal  bones,  and  bordering  on  the 
midline  (Fig.  6).  The  ocular  movements,  pupils  and  fundi  were  normal,  and 
slight  haziness  of  the  lens  of  the  right  eye  was  present.  Visual  acuity  was: 
right  eye  20/100,  left  eye  20/15.  \  right  homonymous  hemianopsia  extended 
to  the  fixation  point    (Fig.  6). 
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Fig.   3    (Case   3,   F.    C.   B.).— Wound   and    defect    ni    right   parieto-occipital 
region;  left  hemianopsia.     Perimeter  charts. 
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Fig.  4  (Case  4,  J.  B.). — Right  occipital  wound  and  defect;  left  hemianopsia. 
Perimeter  charts. 
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Fig.  5  (Case  5,  G.  C.).— Left  occipital  wound  and  defect  near  inion.  Metallic 
foreign  body  in  frontal  region  close  to  midline;  right  hemianopsia,  alexia;  tran- 
sient right  hemiplegia   and  complete  aphasia.     Perimeter  charts. 
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Case  7. — Early  records  of  M.  D.,  aged  24.  were  not  availaljle,  and  he  was 
unable  to  give  details  on  account  of  memory  defect.  He  was  ambulatory  with 
evidences  of  a  slight  residual  left  hemiparesis,  mentally  confused  and  amnesic 
and  gross  intelligence  defect  was  present.  He  had  difficulty  at  first  in  finding 
his  bed,  and  was  frequently  lost  in  the  corridors  of  the  hospital.  Roentgen-ray 
findings  were:  (a)  cranial  defect  3  cm.  in  diameter  in  the  right  frontal  region; 
(fe)  metallic  foreign  body  about  the  size  and  shape  of  a  machine-gun  bullet  in 
the  left  occipital  region  2  cm.  from  the  inner  plate  of  the  occipital  bone,  3  cm. 
to  the  left  of  the  midline  and  1  cm.  above  the  level  of  the  inion.  Ocular  move- 
ments, pupils  and  fundi  were  normal.  Visual  acuity  was  :  right  eye  20/50,  left 
eye  20/50.  There  was  a  left  homonj-mous  hemianopsia  present  extending  to 
within  5  degrees  of  the  fixation  point.  From  the  roentgen-ray  evidence  the 
foreign  body  was  apparently  lodged  just  posterior  to  the  posterior  horn  of  the 
left  lateral  ventricle.  Its  probable  course  may  be  assumed  to  extend  from 
the  frontal  defect  downward,  backward  and  to  the  left  across  the  midline.  The 
right  corona  radiata  was  traversed,  as  was  the  posterior  part  of  the  corpus 
callosum.  The  optic  radiations  of  the  left  occipital  lobe  were  also  somewhat 
involved. 

Case  8. — F.  D..  26  years,  was  wounded  Oct.  28,  1918,  in  the  right  occipital 
region.  He  was  unconscious  for  ten  hours,  and  on  waking  "everything  seemed 
blurred."  In  an  early  operation,  under  local  anesthesia,  bone  fragments  and 
pulped  brain  tissue  were  removed,  but  no  foreign  body  was  found.  He  was 
admitted  to  Hospital  No.  11,  April  3,  1919,  ambulatory.  A  roentgenogram 
showed  a  cranial  defect  3  by  4  cm.  in  occipital  bone  bordering  the  right 
lambdoidal  suture  and  several  small  bone  fragments  down  and  in  from  the 
defect.  The  ocular  movements  were  normal,  and  the  pupils  were  equal.  The 
reflexes  were  present,  the  left  being  a  little  sluggish;  vessels  of  both  fundi 
were  tortuous,  disks  sharply  defined;  the  physiologic  cup  was  obliterated  on 
the  right  and  small  on  the  left.  Visual  acuity:  right  eye  20/15,  left  eye  20/15. 
Left  homonymous   hemianopsia    extended   to   the   fixation   points. 

Case  9. — L.  S.,  a  man  aged  29,  was  wounded  Oct.  12,  1918,  in  the  left 
occipital  region.  An  early  operation  having  been  performed,  he  was  admitted 
to  Hospital  No.  11,  Jan.  4,  1919,  remaining  under  observation  for  six  months. 
A  roentgenogram  showed  a  defect  5  by  6  cm.  in  the  left  occipital  region  bor- 
dering the  midline.  An  operation  for  the  repair  of  the  cranial  defect  was  per- 
formed, March  15.  1919.  A  cone-shaped,  fluid  filled  cavity  was  encountered, 
the  apex  of  which  communicated  with  the  posterior  horn  of  the  left  lateral 
ventricle,  the  base  coinciding  with  the  margins  of  the  cranial  defect.  A  con- 
siderable quantity  of  cerebrospinal  fluid  escaped,  and  the  roentgenogram  taken 
immediately  after  the  operation  showed  the  outline  of  the  air-filled  lateral 
ventricle  (Fig.  9).  The  ocular  movements  were  normal;  however,  slight  con- 
vergence of  the  right  eye  was  present.  The  pupils  were  equal,  reflexes  present, 
media  clear,  and  there  were  no  significant  fundus  changes.  Visual  acuity  was: 
right  eye  20/50,  left  eye  20/30.  There  was  a  complete  right  homonymous  hemi- 
anopsia, and  also  defective  left  fields  (Fig.  9).  Macular  vision  was  preserved 
in  a  semicircular  area  extending  from  a  vertical  line  through  the  fixation  point 
into  the  left  fields  1.5  degrees.  Roughly  symmetrical  islands  of  retained  vision 
were  present  in  the  left  fields  but  distinctly  separated  from  the  maculae.  In 
order  to  study  the  hemianopsia  in  relation  to  the  fixation  points  tests  were  made 
at  a  distance  of  5  meters  from  the  patient  with  a  white  object  5  mm.  in  diameter. 
At   this   distance   and   with   steady    fixation   the   object   was    seen   only   when    it 
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Fig.   6    (Case   6  I  1 

hemianopsia.     Perimeter  charts. 
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Fig.  7   (Case  7,  M.  D.). — Right  frontoparietal  wound  and  defect.     Foreign 
body    in    left    occipital    lobe;    right   hemianopsia;    dementia.      Perimeter   charts. 


VISUAL    DEFECTS 


227 


Fig.   8    (Charts  8,  F.   D.)-— Right   occipital   wound   and   defect;    left   hemi- 
anopsia.    Perimeter  charts. 
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Fig.  9  (Case  9,  L.  Sj.— Left  occipital  wound  and  defect;  ri.nht  licmianopsia 
and  impairment  of  the  left  fields.  Lateral  aspect  showing  outlines  of  cyst 
cavity  and  air  filled  lateral  ventricle.     Perimeter  charts. 
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Fig.  10   (Case  10,  B.  H.). — Right  occipitoparietal  wound  and  defect.     Com- 
plete left  hemianopsia;  incomplete  right  hemianopsia.     Perimeter  charts. 
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approached  within  1  cm.  on  the  right  side  of  the  fixation  point  on  testing  the 
right  eye.  and  within  less  than  2  cm.  when  testing  the  left  eye.  These  tests  were 
repeated  on  several  occasions,  and  the  results  were  always  definite  and 
consistent. 

Case  10. — B.  H.,  was  wounded,  Oct.  4.  1918.  in  the  right  occipitoparietal 
region,  after  which  he  was  unconscious  for  two  weeks.  He  was  admitted  to 
Hospital  Xo.  11,  Dec.  22.  1918,  the  wound  being  unhealed.  Roentgen-ray  exam- 
ination revealed  a  large  cranial  defect,  4  by  8  cm.,  involving  the  right  side  of 
the  occipital  lobe,  and  the  right  parietal  bones  (Fig.  10).  The  ocular  move- 
ments, pupils,  media  and  fundi  were  normal.  Fixation  was  retained,  and  visual 
acuity  was  :  right  eye  20/40,  left  eye  20/40.  Macular  vision  only  was  preserved, 
with  the  exception  of  the  perception  of  bright  light  and  large  moving  objects  in 
part  of  the  right  fields.  The  retained  macular  areas  were  roughly  cone  shaped  and 
symmetrical,  extending  from  a  semicircular  line  through  the  1  degree  point  on 
the  left  of  the  fixation  point  of  the  right  eye  and  the  0.25  degree  point  of  the 
left  eye  toward  the  right  for  about  2  degrees. 


Fig.  11   (Case  11,  A'.  M.). — Transverse  tangential  wound  just  below  the  inion. 
Irregular  scotomas  in  right  fields,  but  extending  slightly  into  lower  left  fields. 


Case  11. — On  Oct.  14.  1918,  the  patient  received  a  transverse  tangential 
wound  just  below  the  inion.  Immediately  after  the  injury  "everything  looked 
white,"  but  within  one  week  the  patient  was  able  to  distinguish  objects.  He 
was  admitted  to  Hospital  Xo.  11  in  January,  1919.  The  pupils  and  fundi  were 
normal,  and  there  was  a  thin  superficial  opacity  of  the  left  cornea.  Charts  ol 
the  visual  fields  showed  practically  symmetrical  scotomas  of  irregular  outline, 
situated  for  the  most  part  in  the  right  fields,  but  extending  to  the  left  below 
the  fixation  point  (Fig.  11).  The  macular  areas  were  invaded  to  the  fixation 
point,  and  central  vision  was  reduced :  right  eye  20/70,  left  eye  20/100.  The 
left  physiologic  blind  spot  was  abnormally  large.  The  peripheral  limits  of 
both  fields  were  approximately  normal.  The  case  is  of  interest,  however,  in 
correlating  the  scotomas  with  what  was  apparently  a  small  cerebral  lesion. 
From  the  fact  that  the  acuity  of  central  vision  was  reduced  it  is  probable  that 
neither  occipital  lobe  remained  entirely  intact,  the  major  portion  of  the  scotomas 
occupying  the   right   fields,   and   a   minor   portion    the   left    fields,   indicating   a 
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lesion  of  both  occipital  loljes,  the  left  being  affected  to  a  greater  extent  than 
the  right.  Since  complete  hemianopsia  was  not  present,  neither  occipital  lobe 
was  extensively  involved.  From  the  character  and  location  of  the  wound  it 
seems  certain  that  any  injury  to  the  ccrel)rum  must  have  been  limited  to  the 
immediate  vicinity  of  tiic  occipital  poles. 
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Fig.   12    (Case   12,   F.   E.  Gj. — Wound   right   occipital   region.     Symmetrical 
scotomas  in  left  fields. 


Case  12. — F.  E.  G.  received  wounds  July  18,  1918,  in  the  right  occipital 
region.  Early  operation  was  performed  in  which  bone  fragments  were  removed. 
The  patient  was  admitted  to  Hospital  No.  11  on  Nov.  6,  1918.  On  examina- 
tion symmetrical  scotomas  were  found  in  the  left  fields  (Fig.  12)  with  normal 
fixation  and  visual  acuity:  right  eye  20/20,   left   eye  20/20. 


Fig.  13  (Case  13,  T.  C). — Left  parieto-occipital  wound  and  defect.    Homony- 
mous lower  right  quadrant  visual  defect. 


Case  13. — T.  C.  was  wounded  on  Oct.  3,  1918,  in  the  left  occipitoparietal 
region.  A  roentgenogram  showed  a  defect,  4  by  5  cm.,  involving  the  occipital 
and  parietal  bones  (Fig.  13),  and  a  linear  fracture  extending  across  the 
parietal  eminence  from  the  defect.  The  charts  of  the  fields  of  this  case  were 
lost,  but  it  is  recorded  that  both  visual  fields  were  defective  in  the  lower  right 
quadrants.     The  patient  was   right  handed,  and  was  able  to  read   intelligently. 
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COMMENT 

From  the  data  obtained  from  the  observation  of  this  series  of 
cases  attention  may  be  called  to  these  points : 

1.  Fixation  of  vision  and  normal  visual  acuity  (20/20  or  better) 
are  commonly  retained  when  lesions  of  the  occipital  lobe  have  caused 
a  complete  homonymous  hemianopsia  (Cases  1,  3,  5,  6  and  8).  In  no 
case  vi^as  there  any  indication  that  a  unilateral  occipital  lesion  caused 
a  loss  of  fixation  or  of  visual  acuity,  with  the  possible  exception  of 
Case  4  in  which  vision  of  the  left  eye  was  20/30  (right  eye  enucleated). 
Error  of  refraction  was  not  excluded  as  a  cause  of  imperfect  vision 
in  this  case.  In  all  of  the  cases  in  which  the  character  of  the  wounds 
indicated  that  both  occipital  lobes  were  injured,  visual  acuity  was 
reduced  in  both  eyes  (Cases  7,  9,  10  and  11).  No  disturbance  of 
fixation  was  demonstrated  even  in  these  cases. 

2.  The  hemianopic  fields  commonly  approached  to  within  a  fraction 
of  1  degree  of  the  fixation  point. 

3.  Evidence  that  macular  vision  is  represented  in  the  apex  of  the 
occipital  lobe  is  furnished  by  Case  11. 

4.  Defects  of  the  visual  fields,  scotomas  or  hemianopsias,  resulting 
from  lesions  of  the  occipital  lobes,  are  roughly  symmetrical  but  not 
exactly  superimposable. 

5.  Greatly  reduced  visual  perception  in  homonymous  fields  (incom- 
plete hemianopsia)  may  exist  as  a  permanent  residual  result  of  occipital 
injury  (Cases  2  and  10).  In  such  cases  bright  lights  and  large  moving 
objects  can  be  discerned  in  fields  which  are  blind  to  the  usual  tests  for 
form  and  color. 

In  comparing  the  conclusions  of  Holmes  and  Lister  with  those  of 
Morax,  Moreau  and  others,  it  will  be  noticed  that  there  are  apparent 
contradictions  in  regard  to  the  cortical  representations  of  the  macula. 
Holmes  and  Lister  definitely  state  that  tlie  macula  has  not  a  l)ilatcral 
representation,  while  Morax  says  that  it  is  necessary  to  admit  of  a 
small  zone  at  the  point  of  fixation,  probably  1  degree  in  extent,  which 
possesses  complex  connections,  since  he  has  never  found  fixation 
afifected  in  unilateral  lesions.  Visual  acuity  was  not  specifically  men- 
tioned by  Holmes  and  Lister,  but  the  observations  of  Morax  and  those 
of  the  authors  show  that  central  vision  is  commonly  normal  in  cases 
of  hemianopsia  from  occipital  lesions,  even  when  the  jjlind  areas  extend 
to  the  fixation  point.  Morax  makes  a  distinctif)n  between  the  "fixation 
point"  anfl  other  ])arts  of  the  macula,  and  uses  llie  designations  "area 
of  precision"  and  "periphery  of  the  macular  area,"  from  which  it  is 
clear  that  he  conceives  the  macula  as  an  area  of  high  visual  acuity,  and 
the  fixation  ])oint  as  its  center.  If  this  conception  be  accepted,  the 
charts  of  various  observers  indicate  that  half  of  the  macular  area  is 
included  in  the  hemianopic  field  ;  the  median  vertical  boundar)   of  the 
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hemianopic  field  bisects  the  macula  as  well  as  the  peripheral  portions 
of  the  field.  From  this  it  may  be  concluded  that  each  macular  "area," 
as  a  whole,  has  bilateral  connections  in  the  cortex,  the  right  half  of 
each  macula  being  represented  in  the  right  occipital  lobe,  and  the  left 
half  in  the  left  lolje. 

Concerning  the  question  of  an  overlapping  of  the  retinal  areas  in 
relation  to  the  right  and  left  occipital  lobes,  respectively,  certain  evi- 
dence and  analogies  may  be  considered:  1.  Fixation  was  never  lost 
in  unilateral  occipital  lesions.  2.  In  the  cases  most  carefully  charted 
it  was  constantly  observed  that  vision  was  retained  a  fraction  of  a 
degree  to  the  blind  side  of  the  fixation  point.  If  the  "fixation  point" 
is  a  fixed  point,  a  small  overlap  of  innervation  is  indicated.  3.  The  well 
known  overlapping  of  the  sensory  end-organs  of  the  skin  in  adjoining 
peripheral  nerve  areas  and  spinal  segment  areas,  and  especially  the 
sensory  overlap  along  the  entire  midline  of  the  body,  each  half  of 
which  is  in  relation  with  the  opposite  cerebral  hemisphere,  may  be 
taken  for  analogies  for  an  overlap  of  the  retinal  innervation.  It  appears 
plausible,  therefore,  that  a  very  small  overlapping  innervation  of  the 
retina  exists  along  the  entire  line  of  division  between  its  lateral  halves, 
and  that  the  fixation  point,  situated  on  this  line,  actually  possesses 
bilateral  cortical  representation  as  do  all  other  points  along  the  same 
line.  This  conception  is  apparently  consistent  with  all  of  the  phenomena 
observed  in  this  series  of  cases,  and  with  those  of  other  observers. 

CONCLUSIONS 

1.  Unilateral  occipital  lesions  commonly  result  in  homonymous 
hemianopsia,  the  blind  field  of  each  eye  being  limited  by  an  ai)proxi- 
mately  vertical  line  passing  close  to  the  fixation  point. 

2.  Unilateral  occipital  lesions  do  not  result  in  a  loss  of  fixation  nor 
a  reduction  of  acuity  of  central  vision  of  either  eye. 

3.  Central  vision  is  represented  in  the  apexes  of  the  occipital  lobes. 

4.  Unilateral  lesions  at  a  distance  from  the  occipital  pole  may  result 
in  approximately  symmetrical  paracentral  scotomas. 

5.  Visual  defects  caused  by  lesions  of  the  occipital  lobes  are  approxi- 
mately symmetrical  but  not  exactly  superimposable. 

6.  The  macula  is  a  central  area  of  high  visual  acuity,  not  sharply 
circumscribed,  extending  a  short  distance  in  all  directions  from  the 
fixation  point  which  probably  represents  less  than  1  degree  in  the  arc 
of  the  visual  field. 

7.  The  hypothesis  is  suggested  that  a  minute  overlap  of  innervation 
exists  along  the  entire  vertical  line  separating  the  retinal  halves.  Each 
half  of  the  macula  is  thus  in  relation  with  the  corresponding  occipital 
cortex,  and  the  fixation  point,  situated  on  the  line  of  division,  possesses 
bilateral  cortical  connections. 
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DISCUSSION 

Dr.  M.  Allf.x  Stakr.  New  York:  T  should  like  to  ask  whether  these  fields 
of  vision  were  symmetrical  or  whether  there  was  very  marked  tleviatioii  in  the 
limitation   of   the   fields   in   the   two  eyes? 

Dr.  Charles  \V.  Mills,  Philadelphia:  I  think  1  was  the  first  to  point  out 
that  there  may  be  a  macular  hemianopsia  without  a  general  peripheral 
hemianopsia.  It  seems  unfortunate  that  in  addition  to  the  mere  study  of  these 
fields,  macular  and  peripheral,  there  was  not  also  in  the  same  cases  a  careful 
investigation  of  full  and  half  vision  for  words,  letters  and  special  objects. 
This  could  readily  have  been  done  by  a  study  of  barrel  or  tubular  vision. 

There  are  probably  lower  and  higher  macular  center  fields  in  the  cortex, 
the  lower  in  some  portion,  probably  in  the  posterior  part  of  the  calcarine  region, 
and  the  higher  in  the  lateral  occipital  lobe,  probably  in  the  angular  region  where 
Ferrier   first  placed   them. 

Dr.  Edward  A.  Sharp,  Buffalo:  In  using  a  plain  dark  screen,  it  is  difficult 
for  the  patient  to  fix  on  it.  Ten  or  fifteen  feet  back,  the  point  of  fixation  is  small. 
We  use  a  long  steel  fishing  rod  end  to  carry  the  disk ;  but  it  is  difficult  at 
times  to  fix  the  object  at  the  center.  With  the  perimeter,  we  get  closer  to  the 
object  than  with  a  screen.  It  seems  to  me  that  there  is  a  chance  for  error 
in  the  fixation  at  a  distance.  Our  difficulty  has  been  in  keeping  the  central 
point  fixed  at  that  distance. 

Dr.  M.  Allen  Starr,  New  York :  The  determination  of  the  general  visual 
field  should  be  made  differently  from  that  of  the  field  of  vision  of  the  macula, 
and  the  only  satisfactory  way  of  determining  the  latter  is  by  having  the 
patient  look  through  a  small  tube  which  concentrates  his  actual  fixation  on  a 
very  bright  point  in  the  distance  and  then  introduce  the  object  at  the  end  of 
the  tube.  In  this  manner,  confusion,  which  comes  from  a  large  field,  is 
eliminated. 

Dr.  Adolf  Meyer,  Baltimore:  The  perimeter  examinations  are  proljably 
the  most  difficult  examinations  that  anybody  can  undertake  with  any  patient. 
It  seems  to  me  that  we  must  keep  our  minds  and  our  eyes  open  to  the  relativity 
and  to  knowing  to  what  extent  we  have  the  cooperation  of  the  patient.  In 
the  studies  that  I  have  had  an  opportunity  to  make  from  the  anatomic  point 
of  view-,  I  have  often  deplored  the  fact  that  there  could  not  have  been  some 
forethought  by  which  points  of  anatomic  interest  might  have  been  checked 
physiologically.  The  conclusion  that  I  reached  was  that  it  was  putting  both 
the  patient  and  the  physician  to  the  most  difficult  task  to  secure  accurate 
perimeter  examinations.  The  first  thing  is  to  get  the  closest  estimate  possible 
and  then  if  there  is  any  indication  at  all  for  more  detailed  examination,  such 
measures  as  Dr.  Starr  mentioned,  and  other  precautions,  will  have  to  exclude 
the  distraction  and  the  fatigability  on  the  part  of  the  patient  and  the  physician. 

Dr.  Ingham,  Los  Angeles,  in  closing:  In  regard  to  the  symmetry  of  scotomas 
and  the  defects  in  the  visual  fields,  we  found  them  to  be  quite  consistent;  that  is, 
symmetry  was  present,  not  in  the  degree  in  which  the  one  could  be  exactly 
superimposed  on  the  other,  but  with  a  very  close  approximation.  For  instance, 
if  the  dividing  line  was  at  a  slight  angle,  instead  of  beinp  perfectly  vertical, 
the  angle  was  similar  in  right  and  left  fields.  Gross  cuts  in  the  visual  field 
were  duplicated  on  both  sides;  but  there  was  not  a  complete  accuracy  or  perfect 
symmetry  of  the  blind  areas. 
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In  reply  to  Dr.  Starr's  question,  the  size  of  the  test  object  was,  routinely, 
5  mm.,  and  the  distance  of  the  test  1  meter.  A  small  white  spot  in  the  center 
of  this  screen  served  for  fixation.  The  color  fields,  as  well  as  the  form  fields, 
were  charted  and  other  methods  were  used,  such  as  bright  lights  and  large 
moving  objects;  but  we  found  that  for  routine  examination  a  white  test  object 
was   most   satisfactory. 

Dr.  Mills'  reference  to  a  hemianopsia  of  the  macula  is  of  interest,  and  we 
had  one  case  in  which  this  was  demonstrated.  There  was  a  bilateral  lesion, 
one  visual  cortex  being  completely  destroyed  and  the  other  incompletely 
destroyed.  Central  vision  was  retained  as  well  as  a  dim  perception  of  large 
moving  objects  in  a  part  of  one  field.  Accurately  charting  the  small  central 
fields  of  vision  revealed  the  characteristics  of  a  bilateral  hemianopsia  of  the 
macula.  In  other  words,  this  patient  had  only  macular  vision  in  which  was 
a  hemianopsia. 

Regarding  the  question  of  the  higher  and  lower  centers,  the  integrative 
functions  in  respect  to  vision  came  up  for  consideration.  There  was  "word 
blindness"  and  "word  deafness"  in  one  of  the  cases  and  aphasic  symptoms  in 
others.  These  problems  are  not  presented  in  this  paper.  We  did  not  find  any 
cases  similar  to  those  to  which  Holmes  and  Riddock  referred,  in  which  there 
was  a  loss  of  the  stereoscopic  vision  without  loss  of  visual  perception. 

The  difficulties  of  fixation  are  quite  a  matter  for  consideration  in  the 
examination  of  patients.  The  perfectly  black  screen  without  any  relief  from 
the  monotony  does  not  enable  some  patients  to  maintain  fixation.  There  are 
many  cases  in  which  fixation  is  difficult,  especially  when  there  is  a  degree  of 
amaurosis  of  the  central  field.  There  was  but  little  trouble  in  that  connection 
in  the  cases  here  reported. 

With  reference  to  the  quadrant  defects,  we  had  some  examples  of  the 
quadrant  blindness  which  were  roughly  symmetrical ;  and  there  was  one  case  in 
which  there  was  only  little  more  than  a  quadrant  of  vision  remaining  in  each 
field,  a  complete  hemianopsia  on  one  side,  and  a  quadrant  on  the  other  side. 
Then  there  were  scotomas,  one  paracentral  scotoma,  and  another  scotoma 
involving  the  macular  area.  These  scotomas  were  also  symmetrical  in  their 
situation  and  form  but  not  exactly  superimposable. 

The  difficulty  of  charting  defects  of  the  visual  fields  is  very  similar  to  the 
difficulty  of  charting  areas  of  loss  of  sensation  on  the  skin ;  the  fatigue 
phenomena,  the  psychology  of  the  patient  and  the  psychology  of  the  examiner 
must  all  be  considered.  All  these  points  enter  into  the  problem  and  should 
be  checked  carefully   in  making  the  record. 


COINCIDENCE     OF     SHINGLES     AND     CHICKENPOX 
C     EUGENE    RIGGS,    M.D. 
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In  November,  1920,  a  woman,  advanced  in  years,  developed  herpes 
zoster  of  the  left  side  of  the  face,  chiefly  in  the  area  of  the  second  and 
third  branches  of  the  fifth  nerve.  There  were  a  few  scattered  spots 
in  the  ophthalmic  area ;  a  few  vesicles  w^ere  observed  in  the  auditory 
meatus,  the  drum  escaping.  The  mucous  membrane  in  the  superior 
maxillary  and  the  inferior  maxillary  areas,  including  the  left  half  of 
the  tongue,  was  covered  with  herpetic  eruption  which  caused  great 
suffering;  the  teeth  were  exquisitely  painful  and  after  recovery  several 
cavities  were  found  which  were  not  present  before  the  illness.  Over 
the  left  side  of  the  chin  the  vesicles  were  practically  confluent,  and 
where  the  skin  approached  the  mucous  membrane  of  the  lip,  formed 
a  scab.  Recovery  was  uneventful  except  for  annoying  paresthesia 
over  the  affected  area,  which  still  persists.  Two  weeks  after  the 
inception  of  the  patient's  illness,  a  grandchild  developed  typical  chicken- 
pox.  There  were  no  cases  of  chickenpox  in  the  vicinity  and  the  child 
had  not  been  where  she  could  have  contracted  it.  After  the  usual 
incubation  period,  her  brother  developed  the  disease. 

The  coincidence  of  these  diseases  I  supposed  to  be  purely  accidental 
until  I  read  Dr.  James  Taylor's  "Neurological  Jottings."  I  sent  a 
letter  of  inquiry  to  representative  American  internists,  pediatrists  and 
neurologists.  None  had  ever  seen  such  an  association.  Investigation 
elicited  the  following:  In  sixty-four  cases  herpes  zoster  had  been 
followed  by  chickenpox  within  the  usually  accepted  period  of  incuba- 
tion of  twenty-one  days.  In  thirteen  patients,  chickenpox  had  been 
followed  by  herpes  zoster,  and  in  twenty-two  cases  there  had  occurred 
the  concurrent  type.  The  association  had  occurred  too  frequently  to 
be  simply  coincidental.  Secondary  herpes  is  absolutely  separate  and 
distinct  from  this  idiopathic  form,  which  is  an  acute  and  definite 
infection. 

It  seems  to  be  clear  that  repeatedly  varicella  has  occurred  within 
twenty-one  days  after  contact  with  herpes  zoster ;  that  herpes  zoster 
has  more  than  a  dozen  times  developed  after  exposure  to  chickenpox 
and  that  many  observations  have  shown  the  concurrence  of  these  two 
affections.  In  one  respect  these  diseases  are  similar;  i.  e.,  in  the  rarity 
of  their  recurrence.  In  one  of  Taylor's  ])atients  there  were  ff)iu'  di>tinct 
attacks  of  herpes  zoster.  This  is  my  ])atient's  second  attack :  the  first 
was  a  right  thoracic  her])es  when  she  was  14  years  old.  Osier  has 
observed  three  attacks  f)f  chickenpox  in  ihe  same  j^atient. 
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In  llic  investigation  (if  tliis  ^ul)ject  I  liave  found  no  record  of  work 
on  the  spinal  Huid  aside  from  that  of  Schaller,  who  examined  eleven 
nonsyphilitic  patients.  There  was  no  attempt  at  culture  or  examination 
for  hacteria.  The  contention  of  Low,  LeFeuvre  and  others  that  the 
virus  of  herpes  zoster  and  varicella  is  one  and  the  same  remains  to  be 
proved,  btit  that  a  close  connection  exists  appears  to  be  clear. 

American  literature  on  this  subject  is  decidedly  barren.  Of  all  my 
references,  only  six  are  American.  I  wish  to  emphasize  that  while 
herpes  in  young  children  is  without  pain,  or  at  most  causes  only  a  little 
numbness  or  tingling,  in  advanced  age  excruciating  neuralgia  may 
persist  until  death,  and  the  possibility  of  chickenpox  in  a  child  being 
followed  by  herpes  in  an  exposed  elderly  person  should  not  be 
overlooked. 

DISCUSSION 

Dk.  M.  Allen  Starr.  Xew  York:  I  shoukl  like  to  ask  Dr.  Riggs  whether 
it  is  generally  accepted  that  the  lesion  in  a  herpes  is  a  hemorrhage  in  the 
posterior   spinal   ganglion. 

Dr.  Charles  R.  Ball,  St.  Paul:  In  a  recent  case  of  herpes  zoster,  the 
patient   stated   that  both   of   her   children   had  had  chickenpox  within   a  month. 

Dr.  Riggs,  St.  Paul,  in  closing :  I  cannot  answer  positively ;  hemorrhages  have 
been  observed,  also  thrombosis,  the  consensus  of  opinion  being  that  it  is  an  acute 
and   definite   infection. 
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For  many  years  graphic  records  of  various  tremors  have  heen  made 
by  means  of  tambours  and  levers.  Only  recently  has  the  string 
galvanometer  been  employed  to  make  such  records,  with  obvious 
advantages.  Not  only  is  greater  accuracy  possible,  but  the  recording  of 
the  action-currents  gives  an  indication  of  the  physiologic  activity  within 
the  muscle  during  the  periods  when  the  muscle  is  mechanically  quiescent. 
This  accuracy,  moreover,  emphasizes  the  remarkable  constancy  of  the 
periodic  phenomena  of  tremor,  and  draws  our  attention  to  the  principles 
which  must  underlie  these  neuromuscular  rhythms. 

Electromyography,  or  the  study  of  the  action-currents  of  the  skeletal 
muscles,  was  first  described  from  the  physiologic  standpoint  by  Piper,^ 
the  interpretations  being  later  modified  by  Forbes  and  Rappleye.-  A 
short  description  of  the  method  as  applied  to  the  study  of  paralysis 
agitans  may  be  inserted  here. 

In  order  to  record  the  electrical  changes  in  a  contracting  nuiscle  a 
continuous  circuit  must  be  established  through  that  muscle  and  the 
string  of  the  galvanometer ;  thus  there  must  be  two  electrodes  on  the 
body  surface,  one  connected  with  each  end  of  the  string.  One  of  these 
is  applied  to  the  skin  over  the  belly  of  the  muscle  to  be  studied,  and 
the  other  is  placed  over  some  nearby  skin  area  beneath  which  there 
is  no  muscular  contraction.  In  studying  the  tremor  of  paralysis  agitans, 
the  muscle  usually  recorded  was  the  flexor  carpi  radialis  because  of  its 
frequent  involvement  in  the  tremor  and  its  convenient  location  for  the 
application  of  electrodes.  One  of  these  is  placed  directlv  over  the 
belly  of  this  muscle,  the  other  (the  "indifferent"  electrode)  may  be 
placed  on  any  other  part  of  the  body,  but  in  order  to  avoid  action- 
currents  from  the  heart  it  is  best  to  have  it  on  the  same  limb ;  and 
in  order  to  avoid  action-currents  from  otlier  contracting  muscles  it 
should  be  placed  over  tendons  or  over  .some  completely  inactive  muscle. 
The  flexor  surface  of  the  wrist  is  a  good  place,  but  if  the  tremor  is 


*  From  the  medical  laboratories  and  neurological  service  of  the  Massachu- 
setts General  Hospital. 

*  This  work  was  begun  in  1919  with  the  aid  of  the  Dalton  l-'ellowshi])  i''und. 

1.  Piper,  H. :     "Elektrophysiologie  mcnschlichcr  Muskeln,"   Berlin,  1912. 

2.  lorbes  and  Rappleye:     Am.  J.  Physiol.  42:228,  1917. 
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marked  there  will  be  movement  of  the  electrode  and  mechanical  shift- 
ing of  its  position  on  the  skin,  causing  long  waves  in  the  record 
(Plate  4,  Fig.  1).  It  is  therefore  often  better  to  rest  the  elbow  and 
weight  of  the  arm  on  a  table;  with  the  biceps  and  triceps  thus  relaxed 
the  "indifferent"  electrode  may  be  placed  on  the  outer  surface  of  the 
lower  arm.  This  completes  the  circuit  through  body  and  galvanometer, 
and  the  record  as  nearly  as  possible  represents  the  action-currents  set 
up  by  the  contractions  of  one  muscle — in  this  case  the  flexor  carpi 
radialis.  It  must  be  remembered,  however,  that  in  the  tremor  of 
paralysis  agitans  many  muscles  are  involved  and  may  be  contracting  at 
different  times;  even  from  a  distance  these  may  give  lesser  action- 
currents  to  complicate  the  picture. 

The  apparatus  employed  in  these  studies  was  the  string  galvanometer 
designed  by  Dr.  H.  B.  Williams  and  manufactured  by  C.  F.  Hindle 
&  Co.  For  electromyographic  studies  a  galvanometer  and  recording 
camera  such  as  are  used  for  cardiographic  work  are  perfectly  satis- 
factory. Most  of  our  records  were  obtained  with  the  regular  electro- 
cardiographic equipment  of  the  hospital.  We  were  able  to  use  this 
apparatus  by  simply  increasing  the  speed  of  the  falling  plate  and  by 
supplying  our  own  special  electrodes.  The  camera  generally  used  was 
of  the  type  manufactured  by  the  Cambridge  Scientific  Instrument  Com- 
pany, the  speed  of  the  plate  being  increased  from  the  3  cm.  per  second 
used  to  take  electrocardiograms  to  5  or  even  10  cm.  per  second  ;  the 
most  satisfactory  speed  for  this  work  being  between  5  and  6  cm.  per 
second.  A  few  of  the  cases  were  studied  at  the  Harvard  Medical 
School  in  the  laboratory  of  Dr.  Alexander  Forbes,  where  there  is  a 
camera  of  special  design  '■'  which  uses  moving  picture  film  and  gives 
high  rates  of  speed  with  remarkable  uniformity. 

At  the  hospital  I  used  small  (ierman  silver  electrodes,  one  with  a 
surface  area  of  100  sq.  cm.,  the  other  of  50  sq.  cm.  Beneath  these 
were  placed  pads  moistened  in  hot  physiologic  sodium  chlorid ;  electrode 
and  pad  were  then  firmly  bandaged  to  the  limb.  In  Dr.  Forbes' 
laboratory  we  used  nonpolarizable  zinc-sulj^hate  electrodes.-*  These  are 
more  diflficult  to  apply  to  the  patient,  but  they  keep  a  more  uniform 
moisture  and  resistance  and  seem  to  give  better  definition  to  the  small 
action  currents,  especially  when  a  high-si)eed  film  is  employed  for 
recording. 

With  the  patient  in  jjosition  the  electrodes  are  firmly  fastened  to 
the  appropriate  spots.  The  galvanometer  is  then  set  with  the  string  at 
such   a  tension  that    1    millivolt  causes  a  deflection   of   1   cm.  on  the 


3.  Forbes  and  Thacher:     Am.  J.  Physiol.  52:409   (July)    1920. 

4.  Cobb,  S.:     Bull.  Johns  Hopkins  Hosp.  29:247   (Nov.)    1918.     Also  foot 
notes  1  and  2. 
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record.  The  connections  are  made  witli  tlie  ])atient ;  tlie  resistance  of 
the  patient  is  measured  and  comj^ensated.  and  the  camera  and  lights 
are  arrant^ed  for  the  makint^^  of  the  recf)rd. 

OBSERVATIONS 

By  this  method  eighteen  cases  of  tremor  were  studied.  All  of 
these  showed  features  of  the  paralysis  agitans  syndrome,  and  in  all  the 
tremor  was  of  the  coarse  type  ft)und  in  that  condition,  hut  only  eleven 
of  the  cases  were  typical  Parkinson's  disease  or  the  senile  form  of 
paralysis  agitans.  Case  17  is  probahly  a  case  of  early  Parkinson's 
disease,  not  yet  definite  enough  to  be  diagnosed ;  the  patients  in  Cases  2, 
5  and  9  almost  certainly  had  basal  ganglion  lesions  and  they  had  tremors 
of  the  paralysis  agitans  type,  but  their  clinical  pictures  were  confusing, 
Case  5  being  more  of  an  athetoid  chorea  with  tremor.  Cases  10  and  12 
were  definitely  examples  of  the  paralysis  agitans  syndrome  following 
lethargic  encephalitis,  while  Case  14  may  have  been  postencephalitic. 

REPORT     OF     CASES 

Cask  1. — C.  A.,  a  woman,  aged  59,  was  seen  Oct.  15,  1919.  Tliree  years 
before  her  right  ankle  was  injured.  In  May  of  this  year  (five  months  before) 
she  first  noticed  shaking  of  her  right  arm  and  of  the  right  side  of  her  face,  with 
a  peculiar  weak  feeling  in  her  knees.  Examination  revealed  the  fact  that 
the  right  arm  was  so  stiff  and  weak  that  she  could  hardl\  raise  it  to  her 
mouth.  Walking  was  difficult  only  in  getting  started ;  when  she  was  once 
"under  way"'  there  was  no  further  trouble.  There  was  constant  tremor  of 
the  head  and  of  the  right  arm.  Occasionally  this  tremor  was  noticed  in  the 
left  hand.  Any  excitement  increased  this  tremor,  which  was  of  the  parkinsonian 
type.  There  was  rigidity  of  the  muscles  of  the  right  arm.  The  knee  reflexes 
were   hj^peractive.     Mental  examination   showed  marked   depression. 

The  patient  died  in  July,  1920. 

Diagnosis :     Paralysis  agitans. 

Cask  2. — J.  B.,  a  woman,  aged  33,  seen  in  May,  1919,  for  six  weeks  had 
had  aches  in  her  left  wrist.  There  was  tenderness  over  the  styloid  process 
of  the  radius  and  she  said  that  a  year  ago  she  had  had  acute  swelling  in 
this  location  as  well  as  in  the  left  leg.  For  six  months  there  had  been 
increasing  tremor  of  the  left  hand.  The  knee  reflexes  were  exaggerated.  There 
was  some  atrophy  of  the  muscles  of  the  left  hand  and  the  tremor,  which  seemed 
to  be  in  this  hand  only,  was  exaggerated  by  putting  the  muscles  on  sliglit 
tension  ;  for  example,  pressing  a  little  against  the  fingers  of  the  extended  hand 
brought  it  out  conspicuously.  In  this  respect  it  resembled  a  clonus,  Init  the 
spontaneous  tremor  seen  when  she  tried  to  hold  a  glass  of  water  was  of  prac- 
tically the  same  rate.  There  was  slight  weakness  of  the  left  side  of  the  face 
and  marked  enlargement  of  the  thyroid.  In  Sei)teml)er,  1921,  the  tremor  was 
present  in  both  hands  and  both  legs.  There  was  some  rigidity  of  the  muscles 
and    pain    in    the   left    knee.     The   blood   Wassermann    reaction    was    negative. 

Diagnosis:  Tremor  resembling  that  of  paralysis  agitans  in  a  patient  with 
arthritis,  who  later  developed  a  more  typical  paralysis  agitans  picture. 
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Cask  3. — A.  B.,  a  man,  aged  60,  was  seen  July  11,  1921.  Four  years  before  the 
left  thumb  showed  slight  tremor  which  gradually  increased  and  progressed 
until  the  hand  and  arm  were  involved.  Any  motion  increased  this  tremor. 
After  two  years  the  same  kind  of  tremor  began  to  develop  in  the  right  leg, 
and  one  year  ago  stiffness  of  the  muscles  of  the  right  arm  was  noticed,  while 
rigidity  of  the  legs  appeared  six  months  ago.  At  the  time  of  the  first  exam- 
ination, the  patient  showed  the  typical  parkinsonian  attitude  and  gait  with 
"pill  rolling"  tremor,  more  marked  on  the  right.  The  face  was  masklike  and 
the  eyes  staring.  There  was  slight  propulsion.  In  October,  1921,  examination 
revealed  in  addition  weakness  of  the  left  arm  with  a  slightly  flexed  position 
of  the  fingers  and  weakness  of  the  left  leg.  The  patient  has  been  treated 
(Table  2)  for  about  seven  months  and  at  present  (April,  1922)  shows  less 
rigidity  and  considers  himself  more  comfortable,  but  otherwise  he  shows  no 
evidence  of  change.     The  Wassermann  reaction  was  negative. 

Diagnosis  :     Paralysis  agitans. 

Case  4.— J.  S.  B.,  a  negro,  aged  48,  was  seen  Dec.  30,  1919.  The  first  symp- 
tom was  stiffness  of  the  right  arm  and  hand  in  May,  1919.  In  September  tremor 
of  the  right  hand  and  both  sides  of  the  face  developed.  There  were  periods 
when  the  whole  body  seemed  stiff,  particularly  noticeable  in  the  legs.  On 
admission  the  patient  showed  marked  speech  defect,  a  masklike  face  with 
drooping  of  the  riglit  side ;  the  right  hand  had  a  conspicuous  coarse  tremor 
which  was  increased  when  he  was  excited  but  practically  stopped  when  he  was 
distracted.  He  could  control  this  tremor  sufficiently  to  write  or  draw  straight 
lines  on  a  blackI)oard.  In  April,  1920,  he  showed  more  speech  defect,  otherwise 
the  condition  was  the  same.  In  March,  1922,  there  was  no  change  except  that 
the  right  side  of  the  face  was  more  conspicuously  drooping  and  the  tremor 
was,  if  anything,  greater.  The  lilood  Wassermann  reaction  and  lumbar  punc- 
ture were  negative. 

Diagnosis :     Paralysis  agitans. 

Case  5. — A.  C,  an  Italian  girl,  aged  12,  was  seen  March  15,  1917.  For  some 
years  she  had  had  a  skin  ulceration  diagnosed  as  tuberculous.  In  the  middle 
of  the  winter  of  1917  she  developed  chorea.  At  this  time  she  had  a  spasmodic 
jerking  motion  of  the  left  liand  and  arm  that  was  somewhat  rhythmic,  the 
rhythm  interrupted  by  an  occasional  slashing  motion  of  the  left  arm  of  a 
choreic  type.  The  left  leg  was  spastic,  and  she  walked  with  a  hcmiplegic  gait. 
One  year  later  she  showed  C()nsidera1)lo  improvement  in  the  tremor  in  the  right 
arm,  but  it  was  still  easily  elicitable  by  asking  her  to  put  the  arm  on  sliglit 
tension.  There  was  also  fine  tremor  of  the  tongue  and  occasionally  athetoid 
movements  of  the  left  arm  and  leg.  Speech  was  staccato.  The  tendon  reflexes 
were  slightly  exaggerated.  There  was  a  Babinski  sign  on  the  left.  The  Was- 
sermann reaction  was  negative. 

Diagnosis  :     Athetoid-chorea  with  parkinsonian  tremor. 

Case  6. — C.  C,  a  woman,  aged  51,  was  seen  Nov.  14.  1919.  In  1916,  she 
noticed  difficulty  in  using  the  right  hand  and  a  tendency  to  carry  the  right  arm 
partly  flexed.  There  was  also  a  dull  ache  in  the  right  shoulder  and  breast. 
About  a  year  and  a  half  after  the  onset  of  these  symptoms  the  right  arm  and 
leg  began  to  tremljle.  Examination  revealed  continuous  coarse  tremor  of  the 
right  arm  and  leg ;  anything  which  caused  increased  muscular  tension  increased 
the    tremor.      On    account    of   the    pain    and    stift'ncss    in    tlie    right    shoulder    she 
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was  unable  to  raise  her  right  arm  high  enough  to  coml)  her  hair.  "It  is  exactly 
half  of  my  body  which  is  affected."  The  blood  Wassermann  reaction  was 
negative. 

Diagnosis  :     Paralysis  agitans. 

Case  7. — K.  C,  a  woman,  aged  58,  was  seen  May  29,  1919.  For  six  months 
this  patient  had  had  tremor  of  the  right  hand  and  arm.  She  could  use  her 
hand  very  well,  and  there  was  no  stiffness.  The  knee  reflexes  w^ere  present. 
In  July,  1919,  there  was  little  change,  but  in  January,  1920,  a  year  later,  the 
facial  expression  was  somewhat  masklike  and  the  right  side  of  the  face  looked 
flatter.  The  tremor  consisted  of  pronation  and  supination  of  the  right  hand, 
with  little  if  any  flexion  and  extension  of  the  fingers.  The  right  leg  and  the 
whole  left  side  were  unaffected.  In  walking  the  right  hand  showed  tremor, 
the  arm  was  slightly  flexed  at  the  elbow  and  swung  slightly  but  distinctly  less 
than  the  left  one.  In  January,  1920,  the  tremor  was  more  marked,  but  there 
was  no  masklike  expression.  The  face  burned,  but  there  were  no  other  sensory 
sj^mptoms  except  that  the  left  hand  sometimes  felt  as  if  "asleep."  The  blood 
Wassermann  reaction  was  negative.  The  blood  calcium  was  8.5  mg.  per 
100  c.c.  plasma. 

Diagnosis :     Paralysis  agitans. 

Case  8. — M.  D.,  a  woman,  aged  60,  was  seen  Oct.  7.  1919.  She  had  noticed 
coarse  tremor  of  the  right  arm  suddenly  in  April,  1917.  She  had  had  eighteen 
children.  She  had  always  been  nervous,  but  since  having  the  influenza  the  pre- 
ceding winter  she  had  been  more  unstable  than  ever.  Examination  revealed 
wideh-  dilated  pupils  and  exaggerated  tendon  reflexes.  There  w'as  slight  tremor 
of  the  right  arm,  most  marked  in  the  flexor  and  extensor  muscles  of  the  wrist 
and  fingers.    The  blood  Wassermann  reaction  was  negative. 

Diagnosis :     Paralysis  agitans. 

Case  9. — M.  A.  D.,  a  girl,  aged  14,  was  seen  March  13,  1915.  One  year  before 
she  first  complained  of  shaking  of  the  left  hand  and  inability  to  grasp  objects 
properly.  Examination  on  admission  revealed  ptosis  of  the  left  lid,  slight 
enlargement  of  the  thyroid,  wide  pupils,  exaggerated  tendon  reflexes  and 
marked  tremor  of  the  left  arm  and  hand.  Tonsillectomy  was  performed,  and 
she  was  discharged.  She  returned  in  October,  1918.  She  reported  that  the 
tremor  in  the  left  arm  had  gradually  become  worse,  with  numbness  in  both 
the  left  arm  and  leg.  Occasionally  there  was  pain  in  the  left  side.  The  left 
arm  and  leg  were  somewhat  weak  and  her  gait  slightly  hemiplegic.  In  October, 
1919,  the  condition  was  similar  but  somewhat  worse,  with  more  pain  and  more 
tremor.  The  blood  Wassermann  reaction  was  negative.  The  basal  metabolism 
was  two  plus. 

Diagnosis:     Parkinsonian  tremor  with  atypical   .syndrome. 

Case  10. — E.  E.,  a  man,  aged  18,  was  seen  March  4,  1922.  Tw-o  years  before, 
after  recovering  from  pneumonia,  he  noticed  slight  difficulty  in  speech.  This 
became  more  marked  following  an  accident  in  which  a  can  of  red  lead  was 
said  to  have  fallen  and  struck  him  on  the  back  of  the  neck.  A  few  days  later 
he  noted  twitching  movements  in  the  arms  and  legs  which  gradually  increased 
until,  four  months  later,  he  gave  up  work  on  account  of  lack  of  control  of 
his  hands.  This  passed  off  in  about  four  months.  Thirteen  months  after  the 
injury  (seven  months  ago)  he  began  to  feel  pain  in  the  back  of  the  neck 
radiating  down  to  the  shoulder  blades.  Six  months  ago  his  legs  began  to  be 
rigid  and  his  gait  unsteady.     With  the  development  of  these  symptoms  tremor 
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in  the  left  arm  was  noticed,  and  tlie  facial  expression  became  masklike.  More 
recently  his  fingers  have  become  numb.  At  present  he  is  bedridden  and 
lethargic,  but  when  aroused  shows  good  memory  and  intelligence.  The  Was- 
sermann  reaction  was  negative  on  the  blood  and  spinal  fluid.  The  spinal  fluid 
pressure  was  285  mm.  of  water;  otherwise  negative.  Four  determinations  of 
the  basal  metabolism  were:  plus   15.5,  plus  21,  plus   5  and  plus  27. 

Diagnosis :      Lethargic   encephalitis. 

Casr  11. — M.  P.  G.,  a  man,  aged  56,  was  seen  in  June,  1919.  Four  years 
before  he  noticed  slight  trembling  in  both  hands,  but  more  on  the  right.  He 
was  unable  to  write  as  well  as  formerly,  and  it  was  hard  to  bring  a  fork  to 
his  mouth.  Physical  examination  showed  a  masklike  face,  loss  of  associated 
movements  of  the  arms  and  legs  in  walking,  the  typical  parkinsonian  attitude 
in  standing  and  coarse  tremor  of  both  hands.  This  tremor  was  somewhat 
more  marked  on  the  right.  Tn  both  legs  a  slight  tremor  was  palpable,  and 
he  complained  of  muscular  cramps.  The  blood  Wassermann  reaction  was 
negative. 

Diagnosis  :     Paralysis  agitans. 

Case  12. — T.  I.,  a  boy,  aged  8,  was  seen  April  12,  1922.  The  past  history 
was  negative.  In  February,  1920,  the  patient  had  a  croupy  cold,  after  which 
he  became  sleepless,  talkative  and  hyperactive,  with  twitchings  of  the  arms, 
legs  and  head.  He  complained  of  diplopia.  Two  or  three  months  after  recover- 
ing from  the  acute  symptoms,  he  had  two  convulsions  and  began  to  show 
rigidity  and  tremor,  more  marked  on  the  right.  The  facial  expression  became 
masklike,  the  speech  monotonous  and  tremulous.  After  this  he  improved ;  the 
tremor  and  twitchings  became  less  marked.  Three  months  ago  he  became 
worse ;  he  lost  the  use  of  the  right  arm  and  leg  to  some  extent  and  the  tremor 
on  the  right  side  grew  worse.  He  became  very  unruly.  His  head  was  usually 
held  to  the  right,  the  right  leg  was  spastic,  and  he  walked  on  the  toes  of  the 
right  foot,  planting  it  heavily.  The  deep  reflexes  were  decreased  on  the  right, 
normal  on  the  left.  The  picture  was  one  of  masklike  facies,  propulsion,  park- 
insonian attitude,  tremor,  rigidity  of  the  arms  and  rigidity  of  the  legs  without 
tremor,  more  marked  on  the  right  side. 

Diagnosis :      Paralysis  agitans   syndrome   following   lethargic  encephalitis. 

Case  13. — M.  K.,  a  man,  aged  39,  was  seen  in  July,  1907.  The  patient  was 
referred  to  us  because  of  tremor  of  the  right  hand.  In  1919  he  reported  back 
and  said  that  during  the  last  twelve  years  this  shaking  had  been  increasing 
gradually  until  the  right  hand  could  be  stopped  only  by  grasping  it  with  the 
left.  Occasionally  there  was  also  a  tremor  in  the  left  arm  and  a  quivering 
of  the  face  around  the  mouth,  and  the  protruded  tongue.  The  face  was  mask- 
like and  speech  slow.  Tendon  reflexes  were  exaggerated.  The  blood  Was- 
sermann reaction  was  negative. 

Diagnosis  :     Paralysis  agitans. 

Case  14. — Alary  K.,  a  woman,  aged  43,  was  seen  Feb.  11,  1920.  For  a  year 
and  a  half  she  had  noticed  slight  trembling  in  the  left  leg  and  for  four  months 
in  the  left  arm.  During  the  last  few  days  the  head  had  begun  to  feel  tremulous. 
Physical  examination  revealed  slight  edema  of  the  left  leg  and  of  the  left  arm, 
with  an  area  on  the  skin  over  the  triceps  that  felt  as  if  the  skin  were  thickened 
and  infiltrated.  There  was  no  rigidity  of  the  muscles,  and  the  facial  expression 
was  normal.  The  left  hand  had  a  slight  tremor  of  parkinsonian  type.  The 
left  leg  also,  when  balanced  on  the  ball  of  the  foot,  showed  tremor.  The  blood 
Wassermann  reaction  was  negative. 
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Diagnosis :  There  is  a  possibility  that  this  case  represents  a  resichuim 
from  lethargic  encephalitis  because  an  indefinite  history  of  a  period  of  coryza 
and  somnolence  was  obtained,  but  it  appears  more  proliable  that  it  was  an 
incipient  case  of  paralysis  agitans. 

Case  15. — G.  H.  M.,  a  man,  aged  56,  was  seen  Jan.  6,  1920.  Three  years 
before  tremor  started  in  the  left  hand  and  one  year  later  in  the  left  leg.  This 
was  accompanied  by  a  dull  ache  in  the  neck.  Examination  revealed  coarse 
tremor  of  the  left  arm  and  left  leg  when  the  muscles  were  put  on  slight  tension. 
The  muscles  of  the  trunk  were  also  slightly  involved  on  the  left ;  for  example, 
there  was  a  tremor  in  the  pectoralis  major  and  the  latissimus  dorsi.  The  tendon 
reflexes  were  somewhat  exaggerated.  The  muscles  of  the  left  arm  showed 
slight  rigidity,  with  a  "cogwheel"  feeling  on  passive  motion.  The  left  side 
of  the  face  appeared  somewhat  flattened  and  expressionless.  The  blood  Was- 
sermann  reaction  was  negative. 

Diagnosis :     Paralysis  agitans. 

Case  16. — R.  M.,  a  woman,  aged  42,  was  seen  Dec.  20,  1918.  Two  years 
before  she  noticed  shaking  in  the  left  arm,  but  the  onset  was  insidious.  A 
few  months  afterward,  the  left  leg  was  affected  in  the  same  way  when  she  put 
her  weight  on  it.  The  left  leg  and  arm  were  weaker  than  the  right,  and  the 
tendon  reflexes  on  this  side  seemed  to  be  somewhat  more  lively.  There  was 
marked  tremor  of  the  left  hand  and  arm  and  of  the  protruded  tongue.  The 
right  hand  showed  a  fine  tremor.  The  skin  of  the  left  hand  was  distinctly 
smooth  and  shiny.  The  left  leg  showed  no  skin  changes,  but  a  marked  tremor 
when  the  weight  of  this  extremity  was  balanced  on  the  ball  of  the  foot.  The 
left  side  of  the  face  was  slightly  flattened  and  less  expressive  than  the  right. 
The  blood  Wassermann  reaction  was  negative.  The  spinal  fluid  showed  8  cells, 
but  was  otherwise  negative. 

Diagnosis :     Paralysis  agitans. 

Case  17. — M.  V.  S..  a  woman  aged  43,  was  seen  July  26,  1919.  In  May  of 
this  year  she  noticed  a  prickling  sensation  in  her  left  forefinger.  This  later 
spread  to  the  thumb  and  the  third  finger.  She  showed  slight  tremor  of  the 
right  hand  when  extended  and  of  the  left  hand  when  at  rest,  but  this  was 
stopped  by  voluntary  motion.  There  had  been  some  numbness  of  both  legs, 
more  marked  on  the  right.  All  four  extremities  were  stiff.  The  blood  Was- 
sermann reaction  was  negative. 

Diagnosis :     Tremor  of  the  parkinsonian  type  in  a  neurotic  person. 

C.\SK  18. — J.  T.,  a  man,  aged  57,  was  seen  April  15,  1920.  Six  years  before 
he  had  been  jammed  against  the  side  of  a  door  l)y  a  horse  and  had  received 
a  minor  injury  of  the  right  shoulder  with  difticulty  in  walking.  Six  months 
after  this  there  was  marked  trembling  of  both  legs  when  he  attempted  to 
walk.  Four  years  ago  the  right  hand  started  trembling  and  a  few  months 
after  that  the  left  hand.  The  face  showed  the  typical  masklike  appearance, 
and  the  voice  was  monotonous.  There  was  coarse  tremor  of  both  hands  with 
the  "pill  rolling"  motion,  numbness  in  the  legs  and  arms — more  marked  on  the 
right — and  loss  of  association  of  the  movements  of  the  arms  and  legs  in 
locomotion.  The  blood  Wassermann  reaction  was  negative.  Tiie  basal  metabo- 
lism, in  two  determinations  was  plus  23  per  cent,  and  minus  2  i)er  cent. 

Diagnosis  :     Paralysis  agitans. 

In  Table  1  the  cases  are  arran^e<l  in  a1])lialK'tic  order  and  the  data 
of  each  category  are  entered  in  the  appropriate  column.      It  will  be 
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seen  that  two  kinds  of  measurement  were  made  from  each  record  and 
their  different  natures  must  be  clearly  distinguished:  first,  the  rate  of 
tremor  indicates  the  number  of  short,  clonic  contractions  per  second 
made  by  the  muscle  involved.  A  tremor  of  this  kind  consists  of  a  series 
of  muscular  contractions  following  each  other  at  a  rapid  and  more  or 
less  constant  rate ;  each  of  these  contractions  we  call  a  tremor- 
contraction.  Now,  all  biologic  activity  is  accompanied  by  changes  in 
electrical  potential  which  set  up  action-currents ;  it  is  these  action- 
currents  which  are  recorded  by  the  string  galvanometer,  and  when  led 
off  from  a  muscle  they  make  an  electromyogram.  If  such  a  record  is 
compared  with  a  mechanical  myogram  it  is  found  that  the  action- 
currents  of  any  given  contraction  occur  just  previous  to  and  with  the 
beginning  of  the  mechanical  contraction  of  the  muscle.''  Therefore 
the  electromyogram  may  be  used  to  record  the  time  relations  of 
muscular  contractions.  In  examining  these  electromyograms  of  the 
tremor  of  paralysis  agitans  it  is  seen  that  with  each  tremor-contraction 
there  are  one  or  more  large  diphasic  action-currents ;  the  usual  number 
is  from  two  to  four.  After  this  group  of  action-currents  the  string  is 
less  active,  but  in  this  disease  is  rarely  at  rest.  In  other  words,  between 
the  tremor-contractions  there  is  some  muscular  activity  in  progress 
which  is  represented  in  the  electromyogram  by  a  series  of  small,  rapid 
waves,  whereas  the  waves  of  the  tremor-contraction  group  are  larger 
and  slower.  Thus  in  Table  1  there  are  two  columns  for  action-current 
frequencies,  one  the  frequency  of  action-currents  of  the  tremor- 
contraction  per  second,  and  the  other  the  frequency  of  action-currents 
between  the  tremor-contractions  per  second.  It  is  possible  that  these  dif- 
ferent forms  of  action-currents  represent  diff'erent  physiologic  processes, 
and  the  fact  that  the  frequency  of  action-currents  between  the  tremor- 
contractions  is  constantly  higher  than  that  of  the  action-currents  of  the 
tremor-contractions  is  in  favor  of  this  view,  the  average  for  the  former 
(the  sixth  column  of  Table  1)  being  73  per  second  and  for  the  action- 
currents  of  the  tremor-contraction  (fiftli  column)  being  46.  Such  a 
distinction  immediately  brings  to  mind  the  double  sym]:)tomatology  of 
paralysis  agitans — tremor  and  rigidity — and  one  is  temjited  to  say  that 
the  electromyogram  depicts  these  two  phenomena  by  these  two  types  of 
action-currents.  But  before  stating  such  a  theor}-  much  more  investiga- 
tion should  be  made  of  the  nature  of  rigidity.  Electromyograms  of 
decerebrate  rigidity"  in  cats  show  fine  rapid  action-currents  at  a  fre- 
quency of  70  to  90  per  second  comparable  to  those  seen  in  our  records 
between  the  tremor-contractions.     This  analogy  may  be  significant.  l)ut 


5.  Salomonson.  J.  K.  A.  W. :     Brain  43:.WJ.  1920. 

6.  Buytendyk,  F.  J.  J.:     Ztschr.  f.  Biol.  59:36,  1912.     Kintliovcn,  \V. :     Arch 
Xeerland.  de  Physiol.  2:489,  1918. 
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there  are  so  many  unsettled  questions  concerning  rigidity,  spasticity  and 
tonic  contraction  that  I  do  not  wish  to  go  into  the  discussion  of  tonus 
and  tonic  innervation.  There  is  much  conflicting  information  on  the 
subject  and  new  evidence  must  be  collected  before  these  most  important 
phenomena  are  understood.  For  example,  Salomonson  ''  says  that 
muscle  contractions  may  be  classified  in  three  different  groups:  (c) 
the  simple  twitch  which  gives  a  single  diphasic  action-current;  (b)  the 
voluntary  contraction  with  its  tetanic  alterating  action-currents  at  the 
rate  of  about  50  per  second,  and  (r)  the  tonic  muscular  contractions  in 
which  "we  may  observe  strong  muscle  spasms  and  also  notable  changes 
of  the  muscle  tension  without  any  electric  action-current." 


Platk  1 

Paralysis  agitans  syndrome  following  encephalitis,  Case  10.  Time  marker, 
%  of  a  second.  The  patient  showed  a  slight  inconstant  tremor  and  marked 
rigidity. 

Fig.  1. — Electromyogram  from  triceps  of  right  arm  showing  tremor  at 
rate  of  S.4. 

Fig.  2. — Triceps  as  in  Figure  1.  At  the  beginning  there  is  tremor  which 
ceases,   leaving  rigidity.     Action-currents  at   frequency  of  53   per  second. 

Fig.  3. — Electromyogram  of  triceps  at  rest  with  no  tremor,  but  marked 
rigidity.     ]\Iain  waves  at   frequency  of   about  45   per   second. 

The  first  two  groups  are  well  substantiated  by  physiologic  and 
clinical  studies  with  the  string  galvanometer  since  the  original  researches 
of  Piper.^  But  the  nature  of  tonic  muscular  contraction  cannot  be 
disposed  of  so  summarily.  As  noted  in  the  foregoing,  Salomonson 
considers  that  these  tonic  contractions  are  accompanied  by  no  action- 
currents,  whereas  Hoffmann  "  believes  that  tonus  is  a  weak  tetanus. 
He  is  corroborated  by  Rehn,"  who  made  electromyograms  of  spastic 


7.  Hoffmann.  P.:     Arch.  f.  Physiol.,  1913,  p.  23. 

8.  Rehn,  E. :     Deutsch.  Ztschr.  f.  Chir.  162:155,  1921. 
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muscles  before  and  after  operation>.  This  raises  the  questit)n  as  to 
whether  the  decerebrate  rigidity  of  experimental  animals  ^  is  comparable 
to  the  extensor  rigidity  seen  clinically  in  man.  W'alshe  ^"  considers 
these  practically  identical,  and  we  have  the  evidence  quoted  that  both 
give  rapid  tetanic  action-currents,  although  Salomonson  holds  that 
spastic  and  rigid  phenomena  in  the  human  are  tonic  phenomena  and 
produce  no  action-currents,  slating^'  that  he  finds  great  muscle  sjiasm 
in  diseases  of  the  corpus  striatum  and  regio  subthalamicus  which  do 
not  show  any  action-currents. 

Case  10  of  our  series  may  be  taken  as  evidence  on  this  ]joint.  The 
patient  showed  great  rigidity  of  the  arms  and  occasional  periods  of 
coarse  tremor,  especially  marked  at  the  elbow.  The  electromyograms 
were  made  from  the  triceps  ( Plate  1  ) .  Figure  1  shows  a  typical 
paralysis  agitans  tremor  at  the  rate  of  5.4  per  second.  Figure  2  shows 
the  tremor  for  one  second,  and  then  a  period  of  two  seconds  in  which 
the  tremor  fades  out  and  disappears,  leaving  a  tetanic  series  of  action- 
currents  at  a  frequency  of  53  per  second.  In  Figure  3  we  see  no 
evidence  of  the  regular  tremor,  merelv  a  series  of  small  waves  at  a 
frequency  of  45  or  50  per  second.  All  of  these  records  were  made 
from  the  triceps,  the  electrodes  being  unchanged  during  the  series. 
The  arm  was  at  rest,  the  patient  being  supine  with  shoulder,  elbow  and 
wrist  supported  on  pillows.  Electromyograms  of  normal  muscles  thus 
put  at  rest  show  no  electrical  activity  when  studied  with  this  apparatus. 

Although  these  observations  may  seem  to  indicate  that  the  rigidity 
of  paralysis  agitans  is  accompanied  by  a  tetanic  series  of  action-currents, 
we  must  remember  that  certain  artefacts  possibly  account  for  the 
electrical  variation.  First,  distant  muscles  other  than  the  triceps  might 
be  contracting  and  transmitting  action-currents  to  the  electrodes.  It 
is  impossible  to  lead  off  the  action-currents  from  one  part  of  the  body 
alone.  Second,  oscillations  of  large  amplitude  would  render  slightly 
more  difficult  the  detection  of  small  superimposed  waves.  Moreover, 
many  of  tiie  records  were  not  made  rapidly  enough  and  with  accurate 
enough  focus  to  give  definition  to  their  fine  wa\es.  But  enough  have 
been  measured  and  j)laced  in  the  sixth  column  of  the  tal)les  to  indicate 
that  on  the  average  this  rate  is  59  per  cent,  more  rapid  than  the  action- 
currents  of  the  tremor-contractions. 

The  best  example  of  this  contrast  between  tremor-contraction  and 
rigidity  is  seen  in  Case  13  (Plate  2,  Fig.  2).  Here  the  large  tremor- 
contraction  waves  are  definite  and  slow  at  a  frequency  of  38  per 
second,  whereas  the  small  waves  between  are  equally  distinct,  but  at 


9.  .Sherrington,  C.  S. :     P.rain  38:191   (Xov.)    1915. 

10.  Walshe,  F.  M.  R.:     P.rain  42:1   (April)   1919. 

11.  Salomonson.  J.  K.  A.  W. :     Brain  42:372.  1919. 
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a  fre(|iiency  of  70  per  second.  Plate  2,  I^gures  1  (Case  3)  and  3 
(Case  12)  show  the  same  thing  registered  on  a  more  rapidly  moving 
film. 

The  tremor  of  ])aralysis  agitans,  as  recorded  hy  this  method,  shows 
some  interesting  points.  In  the  first  place,  the  tremor  ajJi^ears  to  he 
due  to  periodic,  .short  muscular  contractions,  each  one  of  which  is 
accompanied  Ijy  a  series  of  from  two  to  six  or  eight  relativel}'  large 
action-currents  (  I'late  2,  Figs.  1,  2,  3.  4,  5).  That  is  to  say,  each  one 
may  be  looked  on  as  a  short  tetanic  contraction  unlike  the  contraction 
of  a  simple  reflex  such  as  the  knee  jerk,*  which  shows  a  single  diphasic 


■iJKV^aV— <*i^1WWI^%I^N»— M» 


Plate  2 
Types  of   electromyograni.s   in   paralysis   agi'ans. 

Fig.  1  (Case  3). —  (Dr.  Forbes'  apparatus,  greater  speed  and  tuning  fork  at 
Vim  of  a  second).  Between  large  waves  (at  frequency  of  47  per  second)  which 
precede  each  tremor-contraction  are  smaller  waves  ( at  frequency  of  86  per 
second)  ;  tremor  rate  5.1. 

Fig.  2  (Case  13). — For  comparison  with  Figure  1.  Frequency  of  main  waves 
of  tremor-contractions  about  38  per  second  ;  frequency  of  main  waves  between 
tremor-contractions  70  per  second ;  rate  of  tremor  6.2. 

Fig.  3  (Case  12). —  (With  Dr.  Forbes'  apparatus.)  Showing  rapid  rate  of 
tremor  in  a  child ;  rate,  9  per  second.     Twin  marker,  y^,  second. 

Fig.  4  (Case  16). — Typical  myogram  for  paralysis  agitans. 

Fig.  5   (Case  5). — A  typical  curve  of  mixed  chorea-tremor  case. 
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action-current.  It  is.  however,  quite  similar  to  the  contraction  of 
clonus  ^-  except  for  the  fact  that  between  contractions  there  is  a  series 
of  small  waves  (discussed  in  the  foregoin^^)  which  possibly  are  due  to 
the  steady  muscular  rigidity. 

'J'hen  there  is  the  fact  of  the  remarkal)le  regularity  of  this  tremor. 
In  any  one  case  the  periods  between  tremor-contractions  vary  only 
a  few  hundredths  of  a  second,  and  over  long  periods  the  tremor  rates 
remain  quite  constant.  For  example.  Case  3  (Table  2)  had  records 
made  from  the  flexor  carpi  radialis  in  four  successive  months.  On 
Decemljer  7  the  rate  of  tremor  was  5.3  ])er  second ;  on  December  22 
it  was  5.5;  on  January  25,  5.4;  on  February  8,  5.6,  and  on  March  29, 
5.2.  Another  patient  (Case  13)  on  January  29,  1920,  showed  a  rate  of 
tremor  in  the  flexor  carpi  radialis  of  6.4  per  second  ;  twenty-two  months 
later  the  rate  was  6.5,  and  a  month  after  this  6  per  second.  Other 
examples  of  regularity  over  varying  periods  may  be  found  in  Table  1. 
In  fact  it  is  difificult  to  vary  the  rate  by  any  experimental  or  therapeutic 
procedures,  although  minor  spontaneous  changes  occur  within  a  few 
minutes.  Drugs,  for  example,  seem  to  have  little  effect  on  the  tremor 
rate,  although  they  may  decrease  the  amplitude  of  the  tremor  and  even 
cause  its  disappearance.  Case  3  (Table  2)  was  studied  from  this  point 
of  view :  In  October,  while  in  the  wards  of  the  hospital,  the  patient 
was  given  sodium  cacodylate  in  large  doses  intramuscularly.  This 
seemed  to  relieve  the  pain  in  his  shoulder  and  decreased  the  muscular 
rigidity  slightly, ^'^  but  had  no  effect  on  the  rate  of  tremor.  Medication 
was  then  omitted  until  December  22  when  scopolamin  hydrobromid, 
Hoo  g^rain,  was  given  by  mouth.  This  perhaps  reduced  the  rate  from 
5.8  to  5.5,  but  the  psychologic  factor  of  waiting  for  the  effect  of  the 
drug  for  one  and  one-half  hours  in  a  quiet  room  must  not  be  forgotten. 
On  March  29  the  rate  was  5.2  and  the  excursion  ample  (Plate  3, 
Fig.  1)  ;  five  minutes  after  the  intravenous  administration  of  %5o  of 
a  grain  of  scopolamin  hydrobromid  the  electromyogram  shows  no  trace 
of  the  tremor  (Plate  3,  Fig.  2),  and  clinically  it  appeared  to  have 
ceased.  Five  minutes  later  (Plate  3,  Fig.  3)  the  tremor  was  still  absent, 
and  although  slight  tremor  of  the  thumb  was  observed  within  half  an 
hour,  the  patient  .said  that  he  was  comfortable  and  practically  free 
from  the  "shaking"  for  eight  hours. 

The  long  waves  so  conspicuous  in  Plate  3,  Figure  1,  are  not  due  to 
action-currents,  but  to  shifting  of  the  electrode  on  the  skin  of  the 
patient,  thus  causing  a  change  of  the  base  line  in  the  myogram.     This 


12.  Footnotes  4  and  5. 

13.  Rodriguez,  M.  B. :  Rev.  neurol.  28:699.  1921.  Mella,  H. :  A  Preliminary 
Report  on  the  Treatment  of  Paralysis  Agitans.  Arch.  Xeurol.  &  Psychiat.  7: 
137  (Jan.)  1922. 
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Plati:  3 
Paralysis  agitans.   Case  3.     Time  marker,  l':,  of   a   second. 

Fig.  1. — Myogram  before  medication.  Rate,  5.2;  marked  tremor.  The  hand 
is  unrestrained  and  there  is  shifting  of  the  leads  on  the  skin. 

Fig.  2. — Five  minutes  after  scopolamin  hydrobromid,  grains  ^Ajo  intra- 
venously.    No  tremor  visible  clinically. 

Fig.  3. — About  ten  minutes  after  medication ;  no  tremor  visil)le.  Twenty 
minutes  after  the  medication  slight  intermittent  tremor  appeared,  but  the 
patient  reports  that  he   was  practically   free  until   eight   hours   later. 


Pl.atk  4 
Paralysis  agitans,   Case  3.     Time  marker,  Yr,  of  a  second. 

Fig.  1. — One-half  hour  after  7  drops  of  fluid  extract  of  gelscmium  had  been 
administered.  The  motion  of  the  hand  was  unrestricted  so  that  there  is  marked 
shifting  of  the  leads  on  the  skin  ;  rate.  5.7. 

Fig.  2. — Same  as  Figure  1  but  witli  restriction  of  the  tremor  by  lightly 
restraining  the  wrist  and  hand  ;  rate,  5.4. 

Fig.  3. — .After  taking  fluid  extract  of  gelsemium.  4  drops  three  times  a  day, 
for  two  weeks ;  rate,  5.6. 
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is  well  illustrated  in  Plate  4,  in  whicli  Figure  1  shows  conspicuously  the 
shifts  in  the  hase  line;  hut  Plate  4,  Figure  2,  after  restriction  of  the 
mechanical  fling  of  the  hand  caused  hy  the  tremor,  shows  no  such  shift- 
ing of  the  base  line  because  the  electrodes  are  stopped  from  shifting 
their  |)ositions  on  the  skin.  The  tremor,  however,  continues  to  register 
through  the  electrical  acti\ity  in  the  periodically  contracting  muscle. 

h^luid  extract  of  gelsemium  seemed  to  have  no  effect  on  the  myo- 
grams either  when  given  over  a  long  period  (Plate  4,  Fig.  3)  or  by 
making  records  immediately  after  a  larger  dose,  as  on  Ianuar\-  25, 
1922,  in  Case  3  (Table  2). 


Hcz^k::^k::jK':^:jKJk^':^i^:^krD^WL'^::i'£M::zm:. 


Pl.mk  5 

Paralysis  agitans,   Case  3.     Time  marker,  %  of   a   second. 

Fig.  1. — Forearm  flexor;  Dec.  7,  1921;  rate,  5.3. 

Fig.  2. — Gastrocnemius ;   Nov.  9,   1921  ;   rate,  5.2. 

Fig.  3. — Abductor  pollicis  brevis ;    Nov.  9,    1921;   rate,   5.1. 

Fig.  4. — Extensor  pollicis  brevis ;    Oct.   29,    1921  ;   rate,   5.2. 


A  study  of  the  data  obtained  from  Case  3  indicates  that  the  rate  of 
tremor  is  practically  the  same  in  different  muscles  (Plate  5).  In  the 
beginning  of  this  work  we  expected  that  short  muscles  might  show  a 
more  rapid  rate  than  long  muscles,  but  the  observations  seem  to  prove 
conclusively  that  the  rate  of  tremor  is  not  a  function  of  the  length  of 
the  muscle.  For  example.  Case  3  shows  a  rate  of  5.1  in  the  abductor 
pollicis  brevis  (Plate  5,  Fig.  3),  a  muscle  approximately  7  cm.  in 
length,  whereas  the  gastrocnemius  in  the  same  patient  on  the  same  date 
had  a  rate  of  5.2  ])er  second  (Plate  5,  Fig.  2).     The  gastrocnemius  is 
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approximately  five  times  as  long  as  the  abductor  poUicis  brevis.  Other 
muscles  are  shown  in  this  same  table  with  their  approximate  lengths 
and  rates  of  tremor. 

^^'hat,  then,  is  the  physiologic  process  that  controls  this  so  regular 
rate  of  periodic  muscular  contraction?  It  seems  that  a  neuromuscular 
rhythm  of  such  constancy  must  depend  on  some  fundamental  bodily 
condition.  To  obtain  evidence  on  this  point  the  heart  rate  in  many  of 
the  patients  was  recorded  at  the  same  time  that  the  myogram  was  made, 
but  no  correlation  could  be  made  out  between  these  two  rates,  except 
the  generalization  that  in  young  people  in  whom  the  heart  rate  (and 
the  metabolic  processes)  are  more  rapid,  the  rate  of  the  tremor  is  more 
rapid  (Case  12,  Table  1).  This  seems  also  to  be  true  of  clonus  ^'-  and 
continues  the  interesting  comparison  between  the  two  conditions. 

The  average  rate  of  tremor  for  all  the  adult  cases  was  found  to  be 
5.8,  whereas  the  boy  of  8  (Case  12)  had  a  much  greater  rate  of  9 
per  second.  Case  5  is  not  included  because  an  Italian  girl  of  12  may 
be  considered  (metabolically  speaking)  on  the  borderline  between 
childhood  and  adult  life.  The  typical  parkinsonian  cases  had  an  average 
rate  of  5.9,  whereas  the  atypical  cases  averaged  5.7.  The  males  averaged 
5.76  in  rate  and  the  females  5.77. 

The  basal  metabolism  was  studied  in  Cases  9.  10  and  18.  All  were 
above  normal,  but  this  may  be  due  to  the  muscular  activity  of  the 
tremor.  The  question  as  to  whether  the  rigidity  of  the  muscles  causes 
an  increase  in  metabolism  takes  us  again  into  the  study  of  muscle  tone 
and  the  various  points  touched  on  in  the  foregoing.  Roaf  "  has  found 
no  increase  in  metabolism  in  a  cat  made  rigid  by  decerebration. 

If  then  this  rate  of  tremor  is  so  constant,  and  is  independent  of 
muscle  length,  it  would  seem  to  be  a  rhythmic  discharge  of  the  central 
nervous  system.  The  fact  that  children  show  a  more  ra]iid  tremor  than 
adults  indicates  that  general  metabolism  controls  the  rate.  It  is  hoped 
that  further  research  will  elucidate  these  relationships,  possibly  explain- 
ing nervous  discharge  of  this  sort  in  some  such  way  as  Lucas  and 
Adrian  ^■'  have  explained  nerve  conduction. 

CONCLUSIONS 

1.  The  tremor  of  paralysis  agitans  gives  a  characteristic  electro- 
myogram,  with  large,  slow  waves  at  the  time  of  muscular  contraction, 
and  smaller,  more  frequent  waves  between  the.se  tremor-contractions. 

2.  The  rate  of  the  tremor  of  paralysis  agitans  is  remarkably  constant, 
the  average  l)eing  5.8  i>er  second.  Little  variation  is  observed  in  any 
one  case  when  reexamined  months  later. 


14.  Roaf.  H.  F,.:     Quart.  J.  Exper.  Physiol.  5:31.  1912. 

15.  Luca.s  and  .\drian  :      The  Conduction  of  the  Xervou.s  Impulse,  London,  1917. 
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3.  In   children   the   rate  of   the   tremor   may   be  much   more   rapid 
(9  per  second  in  Case  12). 

4.  Scopolamin  may  stop  the  tremor,  but  does  not  seem  to  slow  the 
rate  when  acting  less  completely. 

5.  Various  muscles  in  the  same  persons  show  practically  the  same 
rate  of  tremor. 


STUDIES     OX     THE     PATH(X;EXESIS     OF     TABES 
DORSALIS  * 

LELAXD     B.     ALFORD,     M.D. 
Department  of   Xeurology,   Washington   University   Medical   School 

ST.     LOUIS 

Although  it  cannot  be  said  that  the  nature  and  location  of  the  initial 
changes  in  tabes  dorsalis  are  established  beyond  question,  still  the 
studies  of  Orr  and  Rows  ^  are  so  thorough  and  convincing  and  so 
nearly  in  accord  with  the  careful  work  of  others  as  to  leave  little  oppor- 
tunity for  doubt.  These  authors  selected  the  cords  of  paretic  patients 
for  investigation,  in  order  to  catch  the  pathologic  process  in  its  earliest 
stages,  justifiably  assuming  that  any  changes  found  would  correspond 
with  those  in  tabes  uncomplicated  by  paresis.  In  Marchi  preparations, 
they  found  that  the  earliest  degenerations  affected  the  entering  pos- 
terior root  fibers  just  within  the  pia  mater,  and  that  the  degeneration 
at  this  point  definitely  exceeded  in  degree  any  occurring  in  the  posterior 
roots. 

It  is  not  the  purpose  here  to  review  in  detail  either  the  pathologic 
findings  of  all  investigators  or  the  various  theories  as  to  their  origin, 
for  these  are  frequently  mentioned  in  the  literature,  and  recently  have 
been  brought  together  in  an  article  by  Schaller.-  Reference  will  merely 
be  made  to  those  hypotheses  that  have  a  direct  bearing  on  the  one  herein 
emphasized.  First,  may  be  mentioned  the  contention  of  Obersteiner 
and  Redlich  ^  that  the  degeneration  is  ]:)roduced  by  pressure  from  an 
inflamed  and  thickened  pia  acting  on  the  root  fibers  as  they  pass  through 
to  enter  tlie  posterior  columns.  Against  this  view,  however,  several 
observations  may  be  urged,  such  as  the  absence  of  noteworthy  menin- 
geal inflammation  in  a  considerable  proportion  of  cases,  the  lack  of 
similar  degeneration  in  other  forms  of  meningitis  and  the  unlikelihood 
that  a  meningeal  compres.sion  would  continue  unal^ated  or  even  pro- 
gressively increase  over  a  term  of  years. 

Another  view  is  that  of  Orr  and  Rows.*  who.  on  the  basis  of  patho- 
logic   and    experimental    investigations    of    their    own    with    pyogenic 


*  Read  by  title. 

1.  Orr  and  Rows:    System  Lesions  of  Posterior  Columns  in  General  Paral- 
ysis, etc.,  Brain  27:460.  1904. 

2.  Schaller.  W.  F. :    The  Pathogenesis  of  Talies  Dorsalis,  Arch.  Neurol.  & 
Psychiat.  1:749  (June)   1919. 

3.  Obersteiner  and  Redlich:    Quoted  by  Orr  and  Rows.  Footnote  1. 

4.  Orr  and    Rows :    Toxi-infections   of  the   Central    Nervous    System,   etc.. 
Brain  26:271,  1914. 
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organisms,  and  also  of  the  oljservations  of  others  witli  respect  to  the 
spread  of  tetanus  toxin,  hypothesize  an  ascending  lymph  stream  which 
iollows  the  root  fibers  into  the  cord ;  and  who  explain  the  tabetic 
degeneration  by  assuming  a  contamination  of  this  stream  with  toxins 
which  attack  the  fibers  at  a  point  in  their  course  supposed  to  be  espe- 
cially vulnerable  in  consecjuence  of  a  loss  of  the  neurilemma  and  a 
constriction  or  defect  of  the  myelin  sheaths  (Obersteiner-Redlich 
ring).  Against  this  hypothesis,  there  is  insufficient  evidence  to  justify 
the  assumption  of  an  ascending  lymph  flow.  In  the  first  place,  some 
observers  have  found  reason  for  believing  that  there  is  a  flow  in  the 
opposite  direction  to  that  assumed  by  Orr  and  Rows.  Again,  Dr.  S.  I. 
Schwab  and  I,'^  some  years  ago,  made  careful  eft'orts  to  demonstrate 
this  stream,  and  could  find  no  evidence  of  its  existence.  It  was  ]X)inted 
out  at  that  time  that  the  findings  of  Drr  and  Rows  could  be  explained 
in  other  ways  than  by  their  assumption.  As  for  the  spread  of  tetanus 
toxin,  it  cannot  be  considered  as  important  in  this  relation  because  the 
action  of  this  toxin  is  probably  unique,  or  nearly  so. 

Finally,  there  is  the  opinion  of  Dejerine  '"'  to  the  eftect  that  the 
tabetic  degeneration  is  produced  by  a  toxin  in  the  meningeal  spaces. 
This  opinion  seems  to  be  sui)ported  by  the  observations  herein  reported. 

EXPERIMENTAL     FI.XDINGS 

The  experiments  can  be  briefly  described,  since  they  are  the  coun- 
terpart of  numerous  others  which  have  been  described  by  me  '  and 
i))'  others.  An  approximately  isotonic  solution  of  iron  salts  is  irrigated 
through  the  subarachnoid  space  from  the  lumbar  region  of  the  spine 
to  a  cranial  opening,  for  periods  ranging  from  a  half  hour  to  four 
hours.  The  animals  used  were  cats.  At  the  conclusion  of  the  experi- 
ments, the  bony  envelop  of  the  cord  and  brain  is  removed  from  the 
posterior  aspects  with  as  little  manipulation  as  possible,  and  the  speci- 
men placed  in  a  formaldehyd  solution  containing  hydrochloric  acid. 
The  latter  .serves  to  precipitate  the  iron  in  situ.  After  fixation  is  com- 
pleted;  blocks  of  tissue  are  imbedded  and  sectioned,  and  the  distri])u- 
tion  of  the  iron  granules  is  followed  under  the  microscope. 

The  granules  are  found  in  the  pia  and  in  the  A'irchow-Robin  spaces 
f)f  the  vessels  throughout  the  cord  ;  they  are  also  found  within  the 
bodies  of  the  ependymal  cells  and  occasionally  in  the  anterior  horn 
cells.    There  are  verv  few  in  contact  with  the  fibers,  and  these  are  near 


5.  Alford,  L.  B..  and  Schwab,  S.  I.:    The  Flow  of  Lymph  in  Nerves,  J.  Nerv. 
&  Ment.  Dis.  47:118  (Feb.  )  1918. 

6.  Dejerine  and  Thomas  :    Maladies  de  la  moelle  epiniere,   Paris,   1909. 

7.  Alford.  L.  B. :    Irrigation  of  the  Subarachnoid  Space,  J.  Xerv.  &  Ment. 
Dis.  48:359   (Nov.)   1918. 
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the  surface ;  but,  at  the  tips  of  the  posterior  horns,  there  is  a  much 
more  generous  supply,  which  follows  the  entering  root  fibers  for  some 
distance  from  the  surface.  This  latter  picture  is  found  at  all  levels  of 
the  cord,  but  is  more  pronounced  at  the  lumbar  and  cervical  enlarge- 
ments than  elsewhere  and  in  the  lumbar  region  than  in  the  cervical 
region.  Apparently,  it  depends  on  the  structure  and  conformation  of 
the  cord  in  this  region.  As  the  roots  enter,  they  apparently  carry  with 
them  for  a  short  distance  tabs  of  the  pia ;  and  the  granules  seem  to 
extend  as  far  as  and  probably  beyond  the  point  where  these  tabs  end. 
No  such  collection  is  seen  about  the  anterior  roots.  A  few  granules  are 
found  in  the  roots  themselves.  The  infiltration  of  the  cord  evidently 
begins  soon  after  the  start  of  the  irrigation,  but  is,  of  course,  more 
extensive  after  the  irrigation  has  continued  for  some  time 

A  few  efforts  were  made  to  reproduce  the  degeneration  of  tabes, 
but  only  one  is  worth  mentioning.  One  cubic  centimeter  of  dilute 
alcohol  was  injected  into  the  lumbar  sac.  When  the  animal  recov- 
ered from  the  anesthetic,  and  thereafter,  until  killed  two  weeks  later, 
it  exhibited  a  peculiar  incoordination  of  the  movements  of  the  hind 
limbs  which  did  not  seem  to  be  due  to  any  loss  of  power.  Sections  of 
the  cord  prepared  after  the  Marchi  method  and  in  other  ways  were 
negative. 

COMMENT 

It  is  believed  that  these  experiments  demonstrate  one  way  in  wliich 
a  degeneration  could  be  produced  at  the  point  thought  by  CJrr  and 
Rows  to  be  the  site  of  the  first  degeneration  in  tabes,  and  nowhere 
else  in  the  cord.  It  will  be  recalled  that  the  neurilemma  blends  with 
the  pia  as  the  fibers  of  the  root  pass  through  and  that,  according  to 
Obersteiner,^  the  myelin  sheaths  become  constricted,  and  may  even  be 
defective.  Thus,  an  irritant  in  the  cerebrospinal  fluid  would  probably 
come  freely  in  contact  with  this  supposedly  vulnerable  area.  Indeed, 
in  his  investigation  of  the  action  of  stovain  when  introduced  into  the 
meningeal  spaces,  Spielmeyer  ^  found  that  the  most  extensive  Marchi 
degeneration  occurred  just  here. 

It  is  not  likely  that  the  fluid  normally  follows  the  course  taken  by 
the  solution  in  these  experiments.  Recht  and  Matill "  demonstrated 
how  finely  balanced  arc  the  pressure  relationships  within  the  cranium, 
and  how  easily  any  disturbance  of  them  can  lead  to  misleading  adjust- 
ments. However,  no  method  of  eliminating  this  source  of  error  has 
presented  itself.    One  can  only  assume  that  what  occurs  so  readilv  here 


8.  Spielmeyer:     VeranderuriKen    des    Xtrvcnsystcms    nacli    Stovain    Anas- 
thesie,  Miinchen.  med.  Wclinschr.  55:1629,  1908. 

9.  Becht,   F.   C,   and   Matill,   P.   M.:     Studies   on   the   Cerebrospinal    I'lnid. 
Am.  J.  Physiol.  51:126  (Feb.)   1920. 
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might   follow  in  i)arl  from  the  disturbance  in  fluid  and  blood  content 
mcident  to  a  syj)hilitic  infection. 

An  explanation  for  the  origin  of  tabes  should  apply  equally  well  to 
paresis,  since  it  is  extremely  likely  that  these  two  conditions  arise  in  a 
similar  manner.  The  assumption  of  an  irritant  in  the  cerebrospinal 
fluid  fulfils  this  requirement.  In  the  foregoing  experiments,  the  solu- 
tion evidently  passed  freely  into  the  cortex,  thus  demonstrating  the 
possibility  of  a  similar  distribution  of  the  fluid  in  man,  under  certain 
conditions.  In  this  way  it  is  possible  to  account  for  the  widespread 
distribution  of  the  paretic  lesions — a  feature  of  paresis  that  has  been 
a  source  of  much  worry  for  investigators.  This  explanation  is  a  more 
]:)]ausible  one  than  Krae])elin's  theory  of  a  general  disturbance  in  nutri- 
tion,^'^ or  that  of  Mcintosh  and  Fildes  of  a  gumma-like  process." 

CONCLUSIONS 

1.  The  initial  changes  in  tabes  dorsalis  probably  consist  in  a  degen- 
eration of  the  entering  root  fibers  just  within  the  pia  mater. 

2.  Solutions  injected  into  the  meningeal  spaces  pass  into  the  cord 
through  the  adventitial  spaces  and  come  in  contact  with  the  area  believed 
to  be  the  site  of  the  first  changes  in  tabes. 

3.  After  the  injection  of  stovain  into  the  meningeal  spaces,  Spiel- 
meyer  found  the  chief  degeneration  to  be  at  this  point. 

4.  Dejerine's  theory  that  the  tabetic  lesion  is  the  result  of  a  toxin 
in  the  meningeal  spaces  is  accepted  as  the  one  best  explaining  all  the 
pathologic  facts. 

5.  This  theory  also  explains  the  genesis  of  the  lesions  of  general 
paralysis  better  than  any  other. 


10.  Kraepelin:     General    Paresis     (trans,    by    Moore)    Nerv.    &    Ment.    Dis. 
Monos  No.  14. 

11.  Mcintosh   and   Fildes:     A   Comparison   of   the    Lesions   of   Syphilis   and 
"Parasyphilis."  etc.,  Brain  37:141,  1914-15. 
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b:)ST0X 

In  a  series  of  approximately  750  verihed  brain  tumors  from  the 
clinic  of  Dr.  Harvey  Cushing,  there  have  occurred  seven  examples  of 
true  intracranial  cholesteatomas.  In  1920,  Bailey  ^  reported  two  of  these, 
representing  the  nonhair-containing  variety,  and  since  the  publication 
of  this  article  there  has  been  one  further  example  of  the  same  type. 
The  other  three  tumors  have  contained  hair,  and  therefore  come  under 
the  heading  of  dermoids,  or  hair-containing  cholesteatomas.  It  is  with 
the  latter  three  cases  that  this  paper  proposes  to  deal. 

NOMENCLATURE 

A  word  should  be  said  regarding  the  terminology  used  in  the 
description  of  the  tumors  under  discussion.  By  the  term  "intracranial 
cholesteatomas"  is  understood  the  definite  but  rare  class  of  tumors  of 
the  intracranial  cavity  ordinarily  referred  to  as  "cholesteatomas"  and 
qualified  as  "hair-containing"  or  as  "pearly  tumors."  Twenty-five  years 
ago  Bostroem  ^  (1897)  gave  an  admirable  description  of  these  growths 
under  the  caption  of  "pial  epidermoids  and  dermoids,  and  dural  der- 
moids," using  these  terms  because  they  represented  what  he  believed 
to  be  their  supporting  tissue. 

The  term  "pearly  tumor"  describes  only  a  limited  class  of 
cholesteatomas,  meaning  merely  that  some  tumors  of  this  general  group 
exhibit  a  definite  pearly  luster  owing  to  the  highly  refractile  quality  of 
their  delicate  covering.  This  name  has  been  applied  heretofore  to  the 
nonhair-containing  epidermoid  variety,  because  it  is  that  type  which 
shows  this  peculiarity  most  strikingly,  the  visibility  and  pearly  sheen 
usually  being  dependent  on  whether  only  the  upper,  and  not  the  lower 
or  dermal  layer  was  included  in  the  tissue  of  origin.  That  this  distinc- 
tion is  not  always  true  is  shown  by  Bostroem's  second  case  and  by  one 
of  the  cases  reported  here,  in  which  although  the  growths  were  in 
appearance  "pearly  tumors,"  nevertheless  they  contained  hair.     So  far 


1.  Bailey:    Cruveillier's  tumeurs  perlees,   Surg.,   Gynec.   &   Ohst.  31:390-401 
(Oct.)    1920. 

2.  Bostroem :    Ueber   die   pialen    Epidermoide,   Dermoide   und    Lipome,   und 
duralen  Dermoide,  Centrall)!.  f.  allg.  Path.  u.  p;ith.  Anat.  8:1-98.   1897. 
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as  can  be  learned,  these  are  tlie  only  examples  of  such  a  finding,  and 
bear  out  the  almost  certain  general  relationship  of  these  tumors.  That 
deeper  layers  may  be  involved,  or  at  least  that  the  cell  inclusions  may 
have  even  further  potentiality,  is  shown  Ijy  the  occasional  reports  of 
certain  intracranial  teratomas,  which  are  unquestionably  only  a  step 
further  and  (juite  analogous  to  the  growths  under  discussion  (Kato).^ 
Indeed  one  of  our  cases,  as  will  be  shown  later,  contained  a  small  osteoid 
fragment  and  therefore  might  almost  come  under  the  latter  designation. 
Tumors  of  the  hypophysis,  arising  from  the  remains  of  Rathke's 
pouch,  sometimes  reported  as  intracranial  cholesteatomas  because  they 
contain  cholesterin  crystals,  should  not  be  included  in  our  use  of  the 
term.  They  are  not  analogous  tumors,  either  in  respect  to  their  tissue 
of  origin  or  their  general  content.  Likewise  I  do  not  consider  the 
so-called  "middle-ear  cholesteatomas,"  since  it  is  still  a  mooted  question 
as  to  whether  they  are  originally  meningeal  growths  which  have  broken 
down  and  made  their  way  to  the  surface,  or  whether  they  result  simply 
from  collections  of  the  products  of  inflammation  due  to  a  chronic  otitis 
media.  A  recent  discussion  of  this  subject  was  published  by  Crone,* 
in  1917,  in  which  he  reported  six  cases  of  "dermoid  fistula  of  the 
temporal  bone."  That  true  intracranial  cholesteatomas  may  occasionally 
occur  in  this  situation  and  resemble  the  more  commonly  reported  otitic 
collections  is  probably  true.  Grossman,"  in  1903,  found  one  or  possibly 
two  examples  of  this  variety  of  tumor  out  of  578  cases  of  cholestea- 
tomas from  the  Berlin  Koniglichen  r)hrenklinik. 

HISTORICAL     NOTE 

The  story  of  meningeal  cholesteatomas  has  been  recited  by  almost 
every  one  who  has  reported  tumors  of  this  type,  partly  because  their 
rarity  and  striking  physical  characteristics  have  warranted  something 
more  than  a  brief  description  of  their  pathology,  and  partly  also  because 
the  confusion  over  the  designation  of  their  name  has  needed  an  his- 
torical explanation.  The  dermoid  variety  was  described  much  earlier 
in  the  literature  than  the  epidermoid.  As  noted  by  Bostroem,  such  a 
tumor  was  mentioned  by  Verattus "  in  1745,  which  is  sixty-two  years 
prior  to  Dumeril's  case  '   of  the  nonhair-containing  type,  reported  in 
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1807,  and  depicted  in  1829  by  Cruveillier/  The  latter  investigate! 
introduced  the  term  "tumeur  perlee,"  but  in  1838  Johannes  Miiller,® 
referring  to  these  cases  of  CruveilHer,  in  a  treatise  in  which  he  also 
described  two  similar  tumors  which  he  had  himself  observed,  called 
them  cholesteatomas  because  they  were  found  to  contain  cholesterin 
crystals. 

The  next  important  landmark  in  their  history  was  the  reversion  to 
Cruveillier's  terminolog}'  by  \'irchow,^"  in  1855,  in  his  studies  "Ueber 
Perlgeschwiilste."  As  cholesterin  could  not  be  demonstrated  in  all 
cases  of  undoubted  pearly  tumors,  the  broadly  descriptive  term  seemed 
more  accurate.  It  was  not  until  1897  that  an  attempt  was  made  to 
supply  histologically  exact  designations  for  meningeal  growths  hitherto 
referred  to  as  pearly  tumors  or  cholesteatomas.  In  this  year  Bostroem, 
as  mentioned  previously,  reported  both  a  hair-containing  and  a  nonhair- 
containing  tumor  of  the  type  under  consideration.  By  a  most  careful 
examination  of  the  gross  relationship  to  the  cerebral  membranes  of  the 
tumors  which  he  reported,  and  further  by  exhaustive  microscopic 
studies,  Bostroem  showed  their  definite  attachment  to  the  pia  mater.  In 
the  dermoid  which  he  presented,  serial  sections  of  the  tumor's  point 
of  attachment  demonstrated  that  its  intrinsic  elements,  connective 
tissue,  elastic  fibers,  blood  vessels,  etc.,  were  continuous  with  those  of 
the  pia,  and  that  its  blood  supply  came  from  vessels  which  formed  the 
direct  supply  of  this  membrane,  with  which  they  were  continuous.  As 
a  result  of  these  studies,  he  furnished  the  new  appellations  of  "pial 
dermoids  and  epidermoids,  and  dural  dermoids."  These  terms,  how- 
ever, are  cumbersome,  and  have  not  gained  recognition  by  subsequent 
writers,  so  that  at  the  present  time  the  most  useful  name,  and  the  one 
which  seems  to  be  most  universally  associated  with  this  variety  of 
tumor,  is  cholesteatoma.  If  we  now  modify  this  very  general  term, 
and  refer  to  tumors  of  this  group  as  meningeal  cholesteatomas,  there 
can  be  no  mistaking  the  kind  of  growth  to  which  reference  is  made,  as 
this  designation  immediately  eliminates  the  group  of  tumors  containing 
cholesterin  crystals  which  arise  from  pituitary  rests,  and  also  does  away 
with  any  confusion  of  association  with  those  of  the  middle-ear 
cholesteatomas,  which  have  not  had  a  primary  meningeal  attachment. 
The  occurrence  of  cholesteatomas,  either  hair-containing  or  otherwise, 
within  any  of  the  cerebral  envelopes,  from  the  scalp  inward,  has  of 
course   long  been   recognized.      Some   of   these   tumors,  although   not 
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present  in  the  meninges,  may  still  be  intracranial,  as  shown  by  a  recent 
case  from  this  clinic  reported  by  Dr.  Gushing."  Our  use  of  the  term 
meningeal  cholesteatomas  refers  simply  to  a  particular  subgroup  in  the 
general  class,  in  order  to  distinguish  them  from  tumors  which  are  not 
analogous. 

INCIDENCE 

Examples  of  the  dermoid  variety  have  been  less  commonly  reported 
than  those  of  the  epidermoid.  In  Bostroem's  exhaustive  article  in  1897 
only  eighteen  reports  of  the  former  could  be  collected,  while  since  that 
date  we  have  found  five  further  cases  in  an  extensive  search  of  the 
literature.  These  are  contained  in  the  articles  of  Tannenhain  ^-  (1897)  ; 
Trachtenberg  '■  (1898)  ;  Schulgin  '^  (1911)  ;  Teutschlaender  i"'  (1914)  ; 
and  Stanojevits^*'  (1918).  Trachtenberg's  case  is  of  especial  interest 
as  it  represents  a  rare  example  of  multiple  tumors,  one  of  which  was  in 
the  spinal  canal,  while  the  others  were  intracranial. 

The  eighteen  cases  found  by  Bostroem,  together  with  the  five  just 
noted,  make  twenty-three  cases  reported  up  to  the  present  time.  These, 
with  the  three  which  I  shall  cite,  make  a  total  of  twenty-six.  Of  the 
epidermoids,  Bailey  accounted  for  sixty-two  in  1920,  making  that  type 
appear  to  be  more  than  twice  as  common.  This  relationship,  however, 
is  not  borne  out  in  the  Brigham  series,  where,  of  750  verified  intra- 
cranial tumors,  there  have  occurred  three  tumors  each  of  the  dermoid 
and  epidermoid  variety.  This  makes  either  type  represent  0.4  per  cent, 
of  all  intracranial  growths. 

LOCATION 

The  favorite  situations  of  the  dermal  and  epidermal  cholesteatomas 
are  very  similar,  their  most  frequent  sites  being  somewhere  near  the 
midline  at  the  base  of  the  brain,  or  in  the  region  of  the  fourth  ventricle, 
though  in  addition  the  dermoids  have  a  strong  predilection  to  push  into 
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one  or  other  of  the  cerebral  hemispheres,  where  they  are  usually  much 
larger  than  the  epidermal  variety.  The  one  striking  point  of  difiference, 
however,  is  that  the  cerebellopontile  angle  is  one  of  the  most  common 
places  for  the  nonhair-containing  tumors,  whereas  no  dermoids  have 
been  reported  in  this  location. 

Of  the  three  cases  from  this  clinic,  one  occurred  in  the  middle  fossa, 
compressing  the  temporal  lobe.  This  situation  has  been  reported  only 
twice  previously,  and  in  each  of  these  instances,  as  was  true  also  m  our 
case,  the  tumors  were  composed  of  two  portions,  like  an  hour-glass, 
as  shown  by  the  illustrations  from  the  original  articles.  A  summary 
of  each  of  these  reports  is  of  interest. 


Fig.  1   (Bostroem's  Case). — Transverse  section  of  brain,  showing  tumor  com- 
pressing left  temporal  lobe. 


CASES     IN     THE     LITERATURE 

Bostroem's  Case. — A  man,  aged  20,  died  in  the  workhouse,  April  13,  1894,  of 
extensive  lung  tuberculosis.  While  an  inmate  of  the  institution  he  had  been 
lazy,  obstinate  and  aggressive.  His  mental  attainments  were  limited,  and  he 
complained  frequently  of  sleeplessness.    His  left  eye  was  reddened  and  swollen. 

Necropsy  revealed  a  tumor  in  the  left  fossa  of  Sylvius,  compressing  the 
temporal  lobe  (Fig.  1).  The  tumor  was  of  a  cloudy,  opaque,  dry  consistency, 
yellowish  green  in  color,  with  an  exquisite  pearl-like  sheen  over  its  surface. 
It  measured  4.4  by  ?).2>  cm.  in  two  diameters.  It  was  covered  by  a  delicate 
memlirane  which  was  continuous  with  the  arachnoid.  The  tumor  was  further 
seen  to  consist  of  two  portions,  a  larger  lateral  portion,  and  a  smaller  medial 
portion,  the  part  between  being  compressed  by  the  left  ala  orbitalis. 

Section  of  the  tumor  showed  a  lumpy,  yellowish-white,  cloudy,  opaque  mass, 
with   a   firmer    framework   visible  below.     Shining   white,   pearly  masses   were 
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present  throiigliout  the  section,  and  l)ct\veen  these  were  mingled  large  and 
small  collections  of  soft,  sebaceous  material  of  a  cloudy  yellow  color  in  which 
were  many  fine,  short  hairs,  arranged  in  groups,  mostly  in  the  middle  part  of 
the  tumor. 

Sections  of  the  tumor,  both  fresh  and  after  embedding,  showed  a  covering 
of  epidermal  cells,  not  so  typically  and  plainly  formed  as  in  epidermoids.  The 
contents  consisted  of  thin,  transparent,  polygonal  cells,  most  of  them  without 
nuclei.  Between  these  cells  there  were  masses  of  free,  shining  fat,  and  in  the 
midst  of  this  were  many  short,  yellowish  hairs  and   some   cholesterin  crystals. 


Textfig.  3.     Dermoid  der  Gehirnbasis,  Ansicht  von  unten.     2  :  ] 


Fig.  2  (Teutschlacnder's  Casej.— Basal  view,  showintr  situa'.ion  c 


1  ot  tumor. 


Teutschlacnder's  Case. — A  50-year  old  inmate  of  an  insane  asylum,  a  well 
educated  man.  had  been  subject  to  epileptic  seizures  for  many  years.  During 
the  last  few  months  of  life  he  was  troubled  with  disorientation  and  periods  of 
confusion.     He  became   untidy.     Death  occurred  Jan.   13,   1912. 

At  the  base  of  the  left  cerebral  hemisphere,  in  the  region  of  the  fossa  of 
Sylvius  and  the  neighboring  portion  of  the  frontal  and  temporal  lobes,  there 
was  found,  at  necropsy,  a  sebaceous,  yellowish  white,  soft  mass,  the  size  of 
a  goose  egg,  partly  free  and  partly  buried  in  brain  substance  (Fig.  2).  The 
mass  was  separated  from  the  brain  by  the  pia-arachnoid.     It  consisted  of  two 
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portions,  joined  by  a  connecting  bridge  of  tumor  tissue.  The  larger  mediaT 
portion  was  situated  in  the  frontal  lobe,  and  the  smaller,  lateral  extension  was 
in  the  temporal  lobe  (Fig.  3). 

Gross  transverse  section  showed  crescentic  layers  of  sebaceous  material.  The 
medial  portion  of  the  tumor  contained  macroscopic  hairs.  Chemical  examina- 
tion showed  cholesterin. 

Microscopic  study  demonstrated  pavement  epithelial  covering,  and  on  the 
inside  fatlike  material,  hairs  like  lanugo  hairs,  and  sebaceous  glands. 

These  two  findings  are  almost  the  exact  counterparts  of  those  in 
the  first  case  which  I  shall  report,  and  if  a  localizing  diagnosis  could 
have  been  made,  they  would  have  been  surgically  accessible.  They 
illustrate,  however,  that  only  too  frequent  class  of  patients,  who,  for 
one    reason   or    another,   because    of    ill-explained    mental    symptoms. 


Corp  caU. 

Lob.  front. 

Comu  ard.D-entrlai. 


niul.c. 


■yJiCapsejr. 


•< j.^- '        ("I )  l^^^arf  I  ir-"^      "■ 

n  I   Gj/riredi 

Textfig.  4.     Dermoid  des  Gehims,  Frontalschnitt.     2  :  1. 


Fig.  3  (Teutschlaender's  Case). — Transverse  section,  showing  the  large  deeper 
portion  and  the   small   lateral   extension  of  the   growth. 

become  stranded  in  institutions  for  the  in.^ane,  where  necropsy  reveals 
the  cause  of  their  disorder. 


REPORT     OF     CASES 

Case  1. — Hair-contaiiiiiig  cholesteatoma  of  left  temporal  lobe  disclosed  by 
shadozi'  in  roentgenogram.     Operation:   extirpation  of  tumor.     Recovery. 

History. — D.  M.  D.,  a  man,  aged  23  years,  an  army  officer,  was  admitted 
Jan.  17,  1921,  referred  by  Dr.  Charles  D.  Humes  of  Indianapolis.  He  com- 
plained of  headaches  and  convulsions.  His  family  history  was  unimportant. 
He  had  had  chorea  in  1907;  tuberculous  adenitis  in  1916,  with  excision  of  the 
glands  in  the  left  cervical  region  in  1917;  a  nervous  breakdown  in  1918;  menin- 
gitis in  1919,  and  four  operations  for  removal  of  the  tonsils,  the  last  one 
in  1918.  In  1915,  while  running  on  an  indoor  track,  he  fell  and  struck  his 
head  on  a  post.  He  was  dazed,  and  had  a  large  scalp  wound  of  the  left 
frontal  region. 
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Present  Illness. — -After  an  illness  called  a  "nervous  breakdown,"  in  1918, 
the  patient  dragged  his  left  leg  for  about  a  month.  He  recovered  from  this 
and  was  in  active  service  with  the  United  States  Army  in  France  from  July 
to  November,  1919.  In  December,  1919,  he  had  a  peculiar  seizure  in  a  hotel. 
He  was  seated  at  a  table,  when  quite  unaccountably,  he  began  to  act  peculiarly, 
and  upset  a  glass  of  water  in  an  awkward  fashion.  He  did  not  answer  ques- 
tions. He  excused  himself  from  the  table,  and  while  in  the  hotel  lobby  became 
dazed  and  then  had  a  general  convulsion  with  vomiting.  He  was  unconscious 
a  large  part  of  the  time  for  two  days,  and  had  fever  up  to  103  F.  for  four 
days.  A  diagnosis  of  influenzal  meningitis  was  made.  For  three  weeks  after 
this  seizure  the  patient  had  difficulty  in  speaking.  He  could  not  think  of  the 
words  he  wished  to  say  and  would  have  to  stop  in  the  middle  of  a  sentence 
because  he  could  not  remember  the  proper  word.  He  was  disoriented  and 
felt  dull.  He  was  up  and  about  after  three  weeks,  but  for  the  next  five  months 
he  had  a  good  deal  of  pain  in  the  back. 

In  January,  1920,  he  had  an  attack  of  vomiting,  and  fainted.  In  July,  1920, 
he  had  another  convulsion  with  loss  of  consciousness  lasting  two  hours. 
Roentgenograms  of  the  skull  taken  after  this  seizure  showed  calcium  deposits 
in  the   left  temporal  region.     The   spinal   fluid  examination  was  negative. 

From  this  time  until  admitted  to  the  Peter  Bent  Brigham  Hospital,  the 
patient  had  one  convulsion,  in  September,  1920.  He  felt  weak  and  without 
ambition,  and  became  extremely  tired  on  the  slightest  exertion. 

Headaches  localized  in  the  left  frontal  region  and  associated  with  dizziness 
were  present  every  day  or  two.  During  these  attacks  his  pulse  rate  was  very 
slow,  sometimes   less  than  50  per  minute. 

Physical  Examination. — Physical  examination  revealed  almost  nothing  of 
significance.  The  left  patellar  reflex  was  somewhat  greater  than  the  right. 
Ophthalmoscopic  examination  of  both  fundi  revealed  rather  full  vessels,  other- 
wise the  eyegrounds  were  normal.  There  was  slight  fulness  and  tenderness  over 
the  left  temporal  region,  and  the  vessels  over  this  area  pulsated  more  fully  than 
on  the  right  side.  The  visual  fields  were  normal  even  to  very  small  visual 
angles. 

A  convulsive  seizure  was  witnessed  on  Jan.  18,  1921.  This  was  preceded  by 
a  short  period  of  mental  dulness,  amnesia  and  speech  difficulty,  especially 
inability  to  name  objects.  The  convulsion  itself  consisted  in  an  initial  draw- 
ing of  the  head  to  the  right,  followed  by  twitchings  of  both  sides  of  the  face, 
and  finally  by  clonic  jerkings  of  first  the  right  arm  and  right  leg,  and  then 
of  the  entire  musculature  on  both  sides  of  body. 

Stereoscopic  plates  of  the  skull  in  a  left  lateral  position  showed  a  thin, 
crescent-shaped  shadow  of  increased  density,  apparently  above  and  to  the  left 
of  the  sella  turcica  (Fig.  4).  The  Wassermann  test  of  the  blood  and  spinal 
fluid  were  negative.  Blood  pressure,  blood  count,  blood  smears  and  urine  were 
normal. 

Operation. — Feb.  3,  1921,  Dr.  Gushing  made  an  osteoplastic  exploration  of 
the  left  hemisphere.  A  temporal  lobe  cyst  was  extirpated.  Ether  anesthesia 
was  used. 

An  osteoplastic  flap  was  turned  down  with  its  base  low  in  the  left  temporal 
region.  The  bone  flap  showed  evidence  of  pressure  erosion,  the  dura  was  quite 
tense  and  a   subtemporal  bone  defect  was  made. 

The  dura  was  opened  over  the  temporal  lobe  which  protruded  markedly, 
palpation    showing   what   was    unmistakably   a   cyst.     An    incision   through   the 
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second  temporal  was  carried  down  to  the  wall  of  the  cyst,  and  its  upper  pole 
was  fixed  with  pledgets  of  Zenker's  solution  until  it  was  stiff  enough  to  handle. 
A  small  needle  was  then  inserted  into  the  cyst,  Init  through  this  nothing  could 
be  withdrawn  by  suction.  The  usual  brain  noodle  was  then  inserted  and  a 
curious,  grumous,  dirty  fluid  was  removed,  immediate  examination  of  which 
showed  fatty  cells.  The  remainder  of  the  fluid  as  it  adhered  to  the  tube  became 
stiffened,  much  like  the  cooling  of  melted  fat.    The  fluid  was  thick  and  brownish, 


Fig.  4. — Crescentic  shadow  above  the  sella  turcica,  shown  ])y  the  roentgeno- 
gram  in   Case  1. 


and   about  40  c.c.   were   collected,   althougli   the   cyst   proi)al)Iy   contained   twice 
that  amount  as  much  of  it  was  lost  and  the  rest  evacuated  subsequently. 

The  cyst  when  emptied  was  found  to  have  a  delicate  vascularized  lining 
membrane.  A  curious  fragment  of  tissue,  quite  loose,  saucer  shaped,  about 
1  cm.  in  diameter  and  0.5  cm.  in  thickness,  was  lifted  out  of  the  cavity,  the 
source  of  this  fragment  not  boing  ai)parcnt.     The  cyst  wall  was  carefully  fixed 
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with  Zenker's  fluid  until  it  liccame  stiffened  and  puckered,  then  by  filling  the 
cavity  full  of  cotton,  it  was  possible  by  slow  dissection  to  remove  the  entire 
cyst  wall,  though  in  the  process  it  was  somewhat  shredded.  The  bone  flap 
was  then  replaced. 

Microscopic  Examination. — The  cyst  contained  a  dirty,  brownish  fluid  which 
had  the  appearance  of  thin  gravy,  but  which  felt  like  machine  oil,  owing  to  the 
large  amount  of  fat.  Microscopically,  the  field  was  covered  with  fat  droplets 
which  stained  with  scharlach  r.  There  were  also  a  moderate  number  of  large, 
pale  cells  containing  lipoid,  and  rare   red  blood  cells. 

Sections  of  the  cyst  wall  showed  that  it  was  lined  with  a  low,  stratified 
epithelium,  usually  about  3  cells   in  thickness,  but  in  places   from  4  to  6  cells. 


Fig.  5    (Case  2). — Patient  at   time  of  discharge   from  hospital. 


Beneath  this  was  a  loose  tissue  in  which  were  a  moderate  number  of  thin- 
walled  blood  vessels. 

A  section  of  the  free  body  in  the  cyst  cavity  showed  that  it  consisted  of 
necrotic  tissue  debris  in  which  were  a  great  many  fat  crystals.  A  rare  group 
of  from  ten  to  fifteen  bodies  which  suggested  epithelial  scales  was  also  seen, 
and  rarely  what  was  apparently  a  piece  of  hair  cut  transversely. 

Diagnosis:      Obscure  cyst — cause   unexplained. 

Postoperative  Notes. — Contrary  to  expectation,  the  patient  did  not  do  well. 
He  remained  drowsy  and  listless,  and  he  complained  frequently  of  headache. 
On  February  25  bis  eyegrounds  showed  bilateral  choked  disks  of  2  diopters, 
whereas  they  had  previously  been  normal.  On  several  occasions  he  had  a 
feeling  of  numbness  in  the  right  hand  and  arm. 
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On  February  26,  stereoscopic  roentgenograms  of  the  skull  showed  in  addi- 
tion to  the  operative  defect  the  same  crescentic  shadow  of  increased  density 
which  was  previously  described. 

On  March  4,  he  had  a  generalized  convulsion,  and  for  the  next  ten  days  was 
drowsy  with  slowed  pulse  and  respiration.  The  decompression  area  became 
full  and  tense,  and  on  March  18  the  elevation  of  the  optic  disks  had  risen  to 
3  diopters.  It  was  evident  that  there  was  something  wrong,  and  a  reexploration 
of  the  wound  was  deemed  advisable,  particularly  in  view  of  the  fact  that  the 
supposedly  calcareous  wall  of  the  cyst  had  not  been  removed  as  the  roentgen 
ray  had  demonstrated. 

Second  Operation.  — March  21,  1921,  Dr.  Gushing  made  a  subtemporal 
exploration  through  the  previous  operative  site.  He  punctured  the  lateral  ven- 
tricle.    The  second  cyst,  containing  hair  and  debris,  was  evacuated. 

A  vertical  linear  incision  was  made  through  the  temporal  region,  and  the 
bone  defect  of  the  former  operation  enlarged.  The  dura  was  incised,  disclos- 
ing an  adherent  temporal  lobe  which  was  protruding  slightly.  A  needle  was 
inserted  into  the  ventricle,  and  50  c.c.  of  clear  fluid  were  secured. 

In  the  lower  portion  of  the  temporal  lobe  there  w-as  disclosed  the  slightly 
fluctuant  wall  of  what  was  taken  to  be  a  portion  of  the  original  cyst  which 
had  escaped  notice  at  the  primary  operation.  The  enucleation  of  this  was 
therefore  undertaken,  but  during  this  operation  an  underlying  cyst  containing 
a  considerable  amount  of  granular,  purulent  material  was  encountered.  The 
cystic  cavity  proved  to  be  quite  large  and  extended  to  the  inner  portion  of  the 
temporal  lobe.  In  addition  to  the  thick  fluid  evacuated,  it  contained  much 
granular  debris,  in  which  were  numerous  soft,  delicate  hairs.  Lining  the  cavity, 
moreover,  there  was  a  calcareous  shell,  which  had  evidently  produced  the 
shadow  seen  repeatedly  in  roentgenograms. 

The  wall  of  the  cyst  was  cleaned  and  washed  out  with  a  weak  formaldehyd 
solution;  the  wound  w-as  then  closed,  leaving  a  single  drain  into  the  depth  of 
the  cavity. 

Pathology. — A  considerable  mass  of  the  thick,  granular  contents  of  the  cyst 
was  hardened  in  Zenker's  fluid.  Sections  of  the  contents  showed  numerous 
masses  of  epithelial  scales,  many  minute  pieces  of  hair,  much  fat  and  many 
polymorphonuclear  leukocytes. 

Diagnosis:     An  infected  dermoid  cyst. 

After  this  procedure  the  patient  made  an  uneventful  and  complete  recovery. 
The  drains  were  permanently  removed  twelve  days  after  operation,  and  the 
wound  was  healed  one  week  later.  The  choked  disk  receded  to  normal,  and 
all  of  the  patient's  previous  symptoms  cleared  up  quickly.  Further  stereo- 
scopic roentgenograms  of  the  skull  showed  no  shadow  in  the  temporal  region. 
The  patient  was  discharged  April  30,  1921,  and  in  January,  1922,  he  reported 
that  he  was   in  excellent  health. 

Comment. — So  extremely  insignificant  was  the  evidence  of  organic 
intracranial  lesion  in  this  patient  that  an  exploratory  operation  was 
undertaken  with  great  misgivings.  The  man  had  become  a  little  dull  and 
listless,  three  or  four  convulsions  had  taken  place,  and  a  roentgenogram 
examination  of  the  skull  had  shown  a  faint  shadow  above  the  sella 
turcica  in  the  left  hemisphere.  In  favor  of  a  left-sided  lesion  was  the 
history  of  transient  speech  disturbances  and  the  location  of  his  head- 
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aches  to  the  left  frontal  region.  On  the  contrary,  he  had  had  a  period 
during  which  he  dragged  his  left  leg,  and  ohjectively  the  left  knee  reflex 
was  greater  than  the  right.  Chief  credit  should  be  given  to  the  patient's 
family  physician  for  strongly  urging  an  exploration.  The  tumor  was 
evidently  of  the  hour-glass  variety,  the  more  external  portion  of  which, 
showing  no  definite  dermal  elements  in  the  wall,  was  encountered  and 
removed  at  the  primary  operation;  the  mesial  portion,  containing  the 
calcareous  shell  and  dermal  contents,  was  disclosed  and  extirpated 
only  after  the  patient's  unsatisfactory  convalescence  had  made  a  second 
operative  exploration  seem  advisable. 

Case  2.— Infected  dermoid  cyst  of  right  temporal  lobe.  Tivo  previous  opera- 
tions zmth  disclosure  of  a  small  extradural  abscess  containing  hair.  Explora- 
tory craniotomy.  Removal  of  a  thick-walled  cyst  from  right  temporal  lobe. 
Temporary   recovery.     Death   three   and   one-half   months  later. 
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F:g.  6    (Case  2).— External   surface  of  tumor. 

History.— M.  L.  W.  was  referred  by  Dr.  St.  Clair  of  Johnson  City,  Tenn., 
with  a  diagnosis  of  brain  tumor.  The  patient,  a  child,  3Vz  years  of  age,  was 
admitted  to  the  hospital  May  28,  1909.  The  family  history  was  unimportant. 
The  child  was  born  at  full  term  by  normal  labor.  She  was  healthy  and  breast 
fed.  At  the  age  of  4  months  she  had  evidently  had  an  otitis  media,  with  a 
discharge  of  pus  from  one  of  her  ears.  It  could  not  be  ascertained  which  ear 
was  involved.  She  recovered  quickly  from  this  illness.  When  8  months  old  she 
had  "intestinal  indigestion"  lasting  several  months  during  the  summer,  and  she 
had  never  been  entirely  well  after  this  trouble. 

Present  Illness.— In  September,  1908,  the  child  was  ill  with  a  sore  throat, 
and  one  month  later  an  abscess  on  the  right  side  of  her  neck  was  evacuated. 
About  this  time  she  began  to  have  pain  in  the  head,  and  a  slight  weakness  oi 
the  left  side  of  the  face  was  noted.  In  December,  1908,  a  reddened,  swollen 
area  behind  the  right  ear  was  incised,  but  no  pus  was  obtained.  Five  days  later 
it  was  again  incised  and  considerable  pus  evacuated.  In  January,  1909,  the 
same  area  was  incised  and  the  bone  curetted.  By  the  end  of  January  the  child 
had  developed  weakness  of  the  whole  left  side.     The  area  liehind  her  right  ear 
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was  again  opened,  and  this  time  an  abscess  containing  hairs  was  disclosed 
between  the  bone  and  dura.  The  condition  cleared  up  temporarily,  but  on 
February  26  it  was  again  found  to  be  necessary  to  open  the  wound,  and  again 
pus  and  hairs  were  disclosed  between  the  bone  and  dura.  Once  more  the 
symptoms  cleared  up  for  a  time,  but  shortly  before  admission  to  the  Johns 
Hopkins  Hospital  she  had  a  left-sided  convulsion,  accompanied  by  headaches 
and  vomiting. 

Xeurologic  Examination. — The  child  was  pale,  irritable  and  restless.  Per- 
cussion of  the  head  elicited  detinite  "cracked-pot"  resonance.  Her  pupils  were 
unequal,  the  right  being  slightly  larger  than  the  left.  The  right  fundus  showed 
a  typical  choked  disk  with  an  elevation  of  2  diopters,  while  the  left  fundus 
was  normal.  There  was  slight  weakness  of  the  left  leg.  and  the  deep  reflexes 
were  more  active  on  the  left  side.  Ankle  clonus  was  present  on  both  sides. 
There  was  a  tender,  reddened  area  behind  the  right  ear,  with  a  discharging  sinus. 

Operation. — May  31,  1909,  Dr.  Gushing  made  an  exploratory  craniotomy  and 
lumbar  puncture  disclosing  a  large  cyst  of  the  right  temporal  lobe.  The  cyst 
was  extirpated  and  the  child  recovered. 


Fig.   7    (Case  2). — Inside  of  tumor. 

A  bone  flap  was  turned  down  over  the  right  temporal  region,  disclosing  a 
tense  dura  which  was  adherent  at  the  site  of  the  previous  operations.  The 
dura  was  opened  over  the  lower  portion  of  the  field,  and  there  was  consider- 
able bulging  of  the  brain  through  the  opening,  necessitating  lumbar  puncture. 
The  appearance  of  the  cortex  suggested  an  underlying  cyst;  therefore  an  incision 
was  made  in  the  first  temporal  convolution,  disclosing  a  cyst  wall.  This  wall 
was  dissected  free  from  the  surrounding  brain  and  removed  entirely,  though  in 
doing  so  it  was  necessary  to  open  the  cyst  and  evacuate  its  contents.  The 
cavity  contained  a  thick,  greenish  purulent  material,  cultures  from  which 
showed  a  pure  strain  of  streptococcus. 

The  dura  was  closed  as  far  as  possible,  the  bone  flap  replaced  and  the 
wound  sutured,  leaving  a  single  drain  into  the  cavity  from  which  the  cyst  had 
been  extirpated. 

Postoperative  Xotes. — The  ciiild  made  a  good  primary  recovery,  but  there 
were  wound  complications  which  necessitated  prolonged  hospital  care,  and  though 
discharged  apparently  well  (Fig.  5),  she  died  three  and  a  half  months  after 
the  operation. 
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Pathology.— Gross  Appearance  of  Tutnor:  The  tumor  was  roughly  elliptical, 
about  the  size  of  a  hen's  egg,  measuring  5.5  by  4  by  3  cm.  in  its  three  diameters. 
The  surface  was  fairly  smooth,  but  with  irregular  elevations  and  depressions 
(Fig.  6).  A  longitudinal  section  dividing  the  tumor  from  one  end  to  the  other 
showed  that  it  was  entirely  cystic,  with  a  tough,  fibrous  wall  which  varied  from 
3  mm.  to  7  mm.  in  thickness.  The  entire  inner  surface  of  the  cyst  wall  was 
trabeculated  willi  interlacing  cords,  which  in  some  places  stood  out  as  isolated 
bands  but  in  otiier  places  merged  into  the  general  structure  of  the  wall  (Fig.  7). 

Microscopic  Description  of  Cyst  Wall :  The  tissue  consisted  of  a  cyst  wall, 
such  as  is  seen  in  epithelial  cysts,  especially  those  of  the  dermoid  variety, 
that  is,  a  wall  made  up  of  filjrous  tissue  abundant  in  collagen.  The  cyst 
lining  was  made  up  wholly  of  granulation  tissue  in  which  were  many  large 
cells  with  small  nuclei  which  contained  fat  vacuoles.  They  were  evidently 
phagocytic  cells  of  the  endothelial  variety.  There  was  also  a  considerable 
infiltration  of  polymorphonuclear  leukocytes  and  lymphoid  cells.  No  hair  fol- 
licles were  discernible. 

Diagnosis:     Probalile   dermoid  cyst    (infected). 

Comment. — The  patient  had  been  operated  on  two  or  three  times 
previously,  incisions  having  been  made  over  the  postauricular  region 
into  what  was  at  first  supposed  to  be  a  superficial  abscess.  At  one  of 
these  sessions  a  trephine  opening  had  been  made  in  the  skull,  and  sub- 
sequently, on  another  occasion,  through  this  opening  was  disclosed  what 
was  taken  to  be  an  extradural  abscess,  but  in  this  abscess  an  abundance 
of  short  yellow  hairs  were  demonstrated.  Finally,  a  thick-walled  cyst 
from  the  temporal  lobe  was  removed  beneath  the  region  which  had 
heretofore  been  superficially  dealt  with.  The  cyst  contents  had  become 
infected,  and  at  the  time  of  extirpation  no  hairs  could  be  demonstrated, 
but  studies  of  the  pathology  of  the  wall  of  the  cyst,  and  also  the  fact  that 
hairs  had  been  found  in  its  infected  contents  previously,  left  no  reason- 
able doubt  as  to  its  dermoid  character. 

Case  3. — Extreme  grade  of  internal  hydrocephalus  ivith  intracranial  pressure 
symptoms.  Operation  zvithout  disclosure  of  tumor.  Necropsy:  hair-containing 
cholesteatoma  of  undersurface  of  cerebellum,  giving  mother-of-pearl  appearance. 

History. — E.  C,  a  white,  female  child  2  years  of  age,  admitted  Jan.  31,  1920, 
was  referred  by  Dr.  Z.  L.  Shaw  of  Manchester,  N.  H.  The  complaint  was  : 
"Large  head."  The  family  history  was  unimportant.  The  child  was  born  at 
full  term  without  instruments.  Her  appearance  at  l)irth  was  normal,  and  she 
developed  normally  in  every  way  up  to  the  age  of  1  year.  When  15  months 
old  she  fell  out  of  her  carriage  to  the  sidewalk,  striking  the  back  of  her  head. 
She  cried  and  vomited  once  after  this  fall,  I)ut  seemed  to  suffer  no  immediate 
effects   otherwise. 

Present  Illness. — -At  the  age  of  1  year  the  mother  had  to  increase  the  size 
of  the  child's  bonnets  more  than  usual,  and  she  also  thought  that  her  head  was 
a  little  larger.  At  17  months  projectile  vomiting  began,  which  continued  until 
two   months   before   admission.     The   size  of  her   head   increased   rapidly   after 
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the  age  of  17  months.  At  the  age  of  2i  months  she  started  to  decline,  having 
"spasms"  with  opisthotonos  and  loss  of  consciousness.  She  had  not  been  able 
to  sit  up  for  one  month.  There  was  an  increase  in  the  size  of  the  head  of 
4  inches    (10.16  cm.)   from  July,  1919,  to  January,  1920. 

Physical  Examination. — The  patient  was  a  well  developed  and  well  nourished 
child  with  evident  hydrocephalus.  The  circumference  of  the  head  was  28  inches 
or  71.1  cm.     There  was  marked  separation  of  all  sutures  of  the  skull  and  great 


Fig.  8  (Case  3). — Inferior  surface  of  cerebellum,  showing,  between  the  hemi- 
spheres, the  area  of  thickened  arachnoid  membrane  overlying  the  dermoid 
growih. 


dilatation  of  the  superficial  veins  over  the  seal]),  with  a  marked  bulging  of  the 
frontal  region,  and  exophthalmos.  The  suboccii)ital  region  was  full,  especially 
on  the  right.  She  had  a  persistent  lateral  nystagmus  to  the  right  and  left,  and 
also  upward.  There  was  definite  incoordination  of  the  hands.  There  was  a 
large  patch  of  craniotabes  in  the  occipital  region.  In  the  midoccipital  region, 
about  at  the  torcular,  there  was  a  deep  follicle  from  which  several  hairs  grew 
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like  a  pilonidal  sinus.  There  was  a  huge  median  vein,  1  cm.  in  l^readth,  com- 
ing from  the  torcular.  Examination  of  the  fundi  showed  bilateral  early  choked 
disks  of  low  elevation. 

Operation. — On  Feb.  3,  1920,  Dr.  Gushing  made  a  suboccipital  exploration 
for  possible  tumor  of  the  cerebellum  producing  hydrocephalus. 

The  suboccipital  region  was  exposed  by  reflecting  the  skin  and  muscle  flaps 
after  the  usual  "crossbow"  incision.  Just  above  the  operative  area  there  was  a 
tangle  of  dilated  veins,  radiating  like  a  caput  medusae   from  the  torcular. 


Fig.   9    (Case   3). — Interior   of   brain,    showing   extreme    degree    of   internal 
hydrocephalus. 


The  occipital  bone  was  exposed  without  great  difficulty.  It  was  not  espe- 
cially thin,  nor  was  there  any  protruding  of  the  suboccipital  region.  The  dura, 
on  exposure,  was  found  to  be  tense,  and  a  lumbar  puncture  needle  was  inserted 
into  each  hemisphere  in  the  hope  of  encountering  a  gliomatous  cyst.  Clear 
cerebrospinal  fluid  under  tension  was  disclosed,  and  without  opening  the  dura 
the  operation  was  abandoned. 
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Fig.  10  (Case  i). — Longitudinal  section  of  the  tumor  dividing  the  cere- 
hellar  hemispheres.  Many  long  hairs  may  be  seen  growing  into  the  tumor 
from  the  stalk  at  its  posterior  end. 


Fig.  11  (Case  3). — Photomicrograph  taken  through  stalk  of  tumor,  at  point 
shown  in  Figure  14;  A,  hairs  and  hair  follicles;  B,  fat  cells;  C,  sebaceous  gland 
cells;  I),  interior  of  the  dermoid;   X  25. 
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The  child  died  six  days  after  the  operation  of  bronchopneumonia. 

Necropsy. — The  brain  was  fixed  by  injection  of  liquor  fornialdehydi  through 
the  carotids.  The  brain  was  enormous  with  extreme  dilatation  of  the  ven- 
tricles. The  cortex  was  thin,  measuring  in  some  places  only  3  mm.,  and  was 
only  about  6  mm.  in  its  thickest  portions.  The  dura  was  extremely  delicate  and 
thin.  The  cerebellum  as  compared  with  the  rest  of  the  brain  was  very  small, 
measuring  9  cm.  in  its  transverse  diameter.  Between  the  two  cerebellar  hemi- 
spheres there  was  thickened  arachnoid  overlying  a  small  congenital  tumor  of 
the  cholesteatomatous  variety  (Fig.  8).  No  otiier  abnormalities  were  found 
except  an  extreme  degree  of  internal  hydrocephalus  (Fig.  9)  for  which  the 
small  tumor  to  be  described  could   in  no  definite  way  account. 

Gross  Description  of  Tumor. — Underneath  the  somewhat  thickened  arachnoid, 
between  the  inferior  surfaces  of  the  two  cerebellar  hemispheres  a  small  oval 
tumor  was  disclosed,  measuring  2.4  by  1  by  0.8  cm.  in  three  diameters.  It  lay 
between  the  arachnoid  and  the  pia,  being  everywhere  separated  from  cere- 
l)ellar  substance  by  the  latter  membrane.  The  surface  of  the  tumor  was  smooth 
and  its  wall  translucent,  showing  plainly  the  white  contents  of  the  tumor,  and 
giving  much  the  same  "mother-of-pearl"  luster  which  has  been  used  to  describe 
the  external   appearance  of  tlie  epidermoid  cholesteatomas. 

On  longitudinal  section,  the  tumor  was  seen  to  be  surrounded  by  a  thin, 
milky-white  membrane  which  constituted  its  wall.  This  was  slightly  thicker 
than  ordinary  tissue  paper  and  was  fairly  tough.  The  tumor  was  entirely  filled 
with  a  white,  rather  granular  sulistance,  which  had  somewhat  the  appearance  of 
cottage  cheese.  In  this  substance  were  numerous,  fine,  light-brown  hairs, 
varying  in  length  from  0.5  to  2  cm.,  and  apparently  growing  into  the  white 
material  from  many  places  on  the  wall  of  the  tumor  (Fig.  10).  There  was 
one  point  at  the  posterior  end  of  the  tumor  which  seemed  to  represent  its 
stalk,  or  spot  of  attachment  apparently  to  the  pia,  and  from  this  point  hairs 
grew   in   greater  abundance  than   at  any  other  place. 

Microscopic  Description." — The  wall  of  the  tumor  was  a  thin  membrane  com- 
posed of  two  layers.  The  outer  layer  consisted  of  several  strands  of  connective 
tissue,  sometimes  compact  and  sometimes  loosely  separated,  in  the  meshes  of 
which  were  occasional  blood  vessels,  and  in  several  places  hairs.  The  inner 
layer  was  composed  of  cuboidal  epithelium,  in  most  places  1  or  2  cells  deep, 
but  in  other  places  widening  out  to  a  depth  of  8  or  10  cells. 

At  the  posterior  end  of  the  tumor,  the  outer  connective  tissue  layer  of  the 
wall  was  enormously  widened  into  what  appeared  to  be  the  stalk  of  the  tumor 
where  it  had  its  attachment.  In  this  stalk  were  numerous  blood  vessels,  a 
great  many  hair  follicles  and  many  sebaceous  gland  cells  surrounded  by  fat 
(Fig.  11).  Most  of  the  hair  follicles  pointed  directly  toward  the  interior  of 
the  tumor,  evidently  to  discharge  their  hairs  within  it,  although  in  addition  to 
the  hairs  seen  in  cross  section,  inside  the  tumor  there  were  others  which  had 
been  cut  across  as  they  lay  in  the  wall.  At  one  point  in  the  outer  connective 
tissue  layer  a  small  area  of  osteoid  tissue  was  present   (Fig.  12). 

The  contents  of  the  tumor  could  also  be  divided  into  two  layers,  the  outer 
of  which  was  represented  by  lines  of  homogeneous  material  without  structure 


17.  For    areas     in    tumor     where    microphotographs     were    taken,    compare 
Figure   14. 


GILBERT    HOKRAX 


Fig.    12    (Case   3).  —  Photomicrograph   taken   at    point   shown    in   Figure    14. 
Osteoid  tissue   and  hairs  shown   in  wall   of   tumor;    X  "0. 


■":.mi 


l-iy.    jj    (Last    J).— i'li(jtomicroj,'raph    taken    at    point    shown    in    Figure    14. 
illustrating  the  hairs  which  have  grown  out  into  cerebellar  substance  at  a;  X  70. 
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and  without  distinguishaljle  cell  boundaries.  Below  this  layer,  and  making  up 
the  bulk  of  the  tumor  contents,  was  a  mass  of  broken  up,  apparently  disin- 
tegrating, polyhedral  cells,  the  outlines  of  which  were  sometimes  quite  distinct, 
and  whose  nuclei  could  often  he  seen  plainly. 

In  addition  to  the  hairs  seen  in  the  tumor  and  within  its  walls,  there  were 
other  groups  of  hairs  cut  transversely,  which  were  entirely  outside  the  tumor 
wall,  lying  in  cerebellar  substance  (Fig.  13).  The  only  explanation  of  the 
situation  of  these  hairs  appeared  to  be  that  they  had  grown  out  through  the 
wall  of  the  tumor,  like  "ingrowing  hairs"  in  the  skin,  since  the  inside  of  the 
tumor  would  represent  the  outside  of  the  skin. 

Chemical  analysis  of  the  contents  of  the  cyst  disclosed  the  presence  of 
cholcsterin  in  considerable  quantity,  although  no  crystals  could  be  demonstrated. 

Comment. — From  a  pathologic  and  histogenetic  point  of  view  the 
tumor  in  this  third  case  was  undoubtedly  the  most  interesting  of  the 


Fig.  14   (Case  3). — Diagram  of  tumor  to  illustrate  areas   from  which  photo- 
micrographs were  taken. 


three  here  reported.  It  was,  in  effect,  a  i)early  tumor,  attached  to  the 
pia  mater,  its  soft,  white  contents  being  somewhat  similar  to  those  of 
epidermoids,  but  with  the  addition  of  hair,  while  in  the  wall  were  hair 
follicles,  sebaceous  gland  cells,  fat  and  osteoid  tissue.  Its  wall  was, 
to  be  sure,  somewhat  thicker  than  in  the  nonhair-containing  variety, 
since  it  probably  represented  an  inclusion  of  deeper  cell  layers,  but  the 
wall  was  translucent,  and  there  was  a  definite  pearly  sheen.  Its  median 
position  at  the  base  of  the  brain  corresponded  to  one  of  the  usual  loca- 
tions of  intracranial  cholesteatomas. 

These  striking  points  of  similarity  of  a  true  dermoid  to  the  nonhair- 
containing  tumors  of  this  class  form  a  strong  argument  in  favor  of  the 
congenital  origin  of  the  latter  from  superficial  epiblastic  cells  which  do 
not  have  the  potentiality  of  the  lower  layers.    This  bears  out  Bostroem's 
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contention  for  the  general  relationship  of  this  group  of  tumors,  and 
further  supports  the  views  of  others  who  have  argued  in  favor  of  an 
epithelial  origin  for  the  nonhair-containing  cholesteatomas. 

SUMMARY 

There  is  a  group  of  rare  tumors  of  the  intracranial  cavity  which 
represent  fetal  epiblastic  inclusions,  sometimes  of  the  epidermal  layer 
alone,  and  sometimes  including  also  the  dermal  layer. 

These  tumors  may  or  may  not  contain  hair  and  other  tissue  elements, 
according  to  the  depth  of  the  cell  layer  represented  in  the  inclusion. 

It  is  convenient  to  group  all  these  tumors  under  the  term  cholestea- 
tomas, either  hair-containing  or  nonhair-containing. 

Three  examples  of  the  hair-containing  variety,  or  intracranial 
dermoids,  are  presented  for  consideration,  and  in  two  of  the  patients 
the  tumors  were  removed  by  operation,  in  one  of  them  with  apparent 
success. 

I  wish  to  express  to  Dr.  Harvey  Gushing  my  great  appreciation  of  his  kindly 
criticism  of  this  article,  and  his  permission  to  publish  the  cases  from  his  clinic. 


UNUSUAL    PAUCITY    OF    SYMPTOMS    IN    SOME    CASES 
OF     PONTOCEREBELLAR     TUMORS 

ALFRED     GORDON,    M.D. 

PHILAnEIJ'HIA 

Neoplasms  developing  in  the  pontocerebellar  angle  are  presumably 
accompanied  by  manifestations  referable  to  the  cerebellum,  pons  and 
certain  cranial  nerves.  If  the  tumor  originates  in  the  cerebellum, 
cerebellar  symptoms  will  appear  first.  If  the  tumor  originates  in  the 
eighth  nerve,  the  most  frequently  involved  among  the  cranial  nerves, 
vestibular  or  auditory  symptoms  will  appear  first.  Besides  the  eighth 
nerve,  the  seventh,  sixth  and  fifth  nerves  also  are  quite  frequently 
affected. 

In  any  given  case  in  which  a  pontocerebellar  involvement  is  sug- 
gestive a  systematic  investigation  with  regard  to  the  encroachment  on 
the  portions  of  central  nervous  system  mentioned  in  the  foregoing  is 
usually  made,  and  a  diagnosis  is  arrived  at  without  great  difficulty.  In 
some  cases,  however,  the  situation  is  not  so  easy,  and  only  a  repeated 
examination  may  render  assistance.  A  third  group  of  cases  may  be  so 
baffling  for  want  of  gross  or  slight  symptoms  that  no  opinion  can  be 
rendered  even  after  several  examinations:  in  this  category  of  instances 
the  manifestations  are  so  slight  or  so  indefinite  that  not  only  the  cere- 
bellum or  the  cerebellopontine  area  but  even  an  intracranial  condition 
may  not  be  thought  of.  Such  cases  are  fortunately  rare,  but  neverthe- 
less they  do  occur.  The  series  of  seven  cases  described  herewith  are 
examples  of  such  an  occurrence.  Before  giving  a  description  of  them, 
attention  is  called  to  the  detailed  description  of  symptoms,  for  which 
each  case  was  examined. 

A  carefully  carried  out  examination  was  made  in  a  systematic 
manner  in  all  the  seven  cases. 

DETAILS     OF     EXAMINATION 

L  The  condition  of  the  cerebellum  and  of  its  peduncles  was 
determined  from  the  following  investigation:  (a)  the  gait  with  regard 
to  staggering  toward  one  or  the  other  side,  (b)  Ataxia  of  the  upper 
or  lower  extremities  with  regard  to  the  finger-to-nose  test,  to  overaction, 
to  dysmetria  or  hypermetria.  (c)  Coordination  of  movements  of  the 
lower  extremities  in  the  test  of  placing  the  heel  of  one  foot  on  various 
parts  of  the  other  limb,  (d)  Diadokokinesia  (quick  pronation  and 
supination),  (c)  The  position  of  the  head  with  regard  to  its  inclination 
to  one  or  the  other  side,  also,  if  an  abnormal  position  found,  whether 
it  is  constant  or  permanent,     (f)  The  presence  or  absence  of  abnormal 
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voluntary  or  passive  movements  by  resistance  test.  According  to 
Holmes  and  Steward,  in  a  unilateral  involvement  of  the  cerebellum, 
while  the  patient  is  flexing  his  arm  on  the  affected  side  and  the  examiner 
opposes  this  flexion  with  his  hand  and  then  suddenly  removes  the 
latter,  the  movement  of  the  flexion  continues  and  the  hand  strikes  the 
chest  violently. 

In  normal  conditions,  the  arm  will  continue  for  a  moment  flexing  at 
first  but  will  immediately  stop  and  move  in  the  opposite  direction. 
Andre  Thomas  called  attention  in  cerebellar  diseases  to  the  following 
phenomenon  in  passive  movements :  \\'hen  the  arm  is  raised  to  a 
horizontal  position  and  the  forearm  is  gi\en  repeated  abrupt  move- 
ments, the  arm  on  the  side  of  the  cerebellar  lesion  will  show  little 
resistance.  The  movements  of  flexion  followed  by  movement  of 
return  (extension)  are  both  of  greater  amplitude  than  on  the  normal 
side,  where  resistance  is  greater  and  movements  are  slower.  Similarly, 
when  both  elbows  are  held  and  alternately  additcted  and  abducted,  the 
resistance  is  less  marked  on  the  affected  than  on  the  sound  side.  In  the 
lower  extremities,  if  the  thighs  are  placed  at  a  right  angle  to  the  pelvis 
and  the  legs  are  extended  but  immediately  abandoned,  the  leg  on  the 
affected  side  will  show  less  resistance  and  its  return  to  the  hanging 
position  will  be  more  rapid  than  that  of  its  fellow  on  the  sound  side. 
The  same  author  observed  that  when  the  patient  is  told  to  raise  his 
arm  (on  the  aft'ected  side)  and  to  let  it  fall  on  his  head,  it  will  do  so 
like  an  inert  body;  that  is,  it  will  rebound  several  times  (spring-like 
phenomenon),  (g)  Special  reflex  phenomena.  \Mien  the  patient  is 
placed  on  an  elevated  seat  with  his  legs  hanging,  without  touching  the 
floor,  and  the  test  is  made  for  the  patellar  tendon  reflex,  the  normal 
knee-jerk  will  consist  of  a  sudden  extension  of  the  leg  and  slow  return 
to  the  position  of  rest.  On  the  diseased  side,  if  the  reflex  is  present, 
the  movement  of  extension  is  of  a  .somewhat  greater  amplitude  and  is 
followed  by  a  series  of  flexion  and  extension  movements  (pendulous 
type).  The  same  form  of  reflex  is  observed  in  the  biceps  and  triceps 
for  the  upper  extremity  in  unilateral  cerebellar  lesions  (A.  Thomas). 

2.  Compression  of  the  pons  itself  in  cerebellopontine  angle  condi- 
tions is  ascertained  from  the  presence  or  absence  of  symptoms  referable 
to  the  motor  and  sensory  pathways  which  pass  through  the  pons. 
Paresis  or  paralysis,  anesthesias  or  analgesias  or  else  paresthesias, 
changes  of  reflexes,  all  will  be  ob.served.  The  latter  particularly  are  fre- 
quent :  The  knee-jerk  may  be  increased  on  the  opposite  side  and  not 
mfrequently  diminished  on  side  of  the  lesion.  The  toe  phenomenon  and 
ankle  clonus  may  be  present  on  the  side  of  the  plus  knee-jerk. 

3.  The  cranial  nerves  must  be  investigated  with  particular  care. 
As   the   eighth,   seventh,   sixth   and    fifth   nerves   arc    most    fre(|uenlly 
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involved,  the  following  symptoms  will  be  observed:  anesthesia  of  the 
face  on  the  side  of  the  lesion  (fifth  nerve)  ;  facial  palsy  of  the 
peripheral  type  with  all  the  characteristic  symptoms  (seventh  nerve)  ; 
paralysis  of  the  external  rectus  muscle  on  the  afi'ected  side  (sixth 
nerve)  ;  unilateral  impairment  of  hearing,  also  vertigo  with  a  tendency 
to  fall  to  the  afTected  side  (eighth  nerve). 

4.  The  vestibular  test  by  the  Barany  method  has  proved  to  be  of 
considerable  assistance  in  making  a  diagnosis  of  a  pontocerebellar 
tumor,  although  in  some  cases  it  had  proved  unsatisfactory. 

In  the  presence  of  such  a  rich  array  of  symptoms,  the  diagnostic 
problem  of  pontocerebellar  symptoms  appears  to  be  solved  with  great 
facility.  If  not  all  the  abnormal  manifestations  are  present  at  the  same 
time,  at  least  some  of  them  will  be  found  after  a  careful  search.  But 
this  is  not  always  the  case.  Exceptionally  one  meets  with  unusual 
instances  in  which  the  foregoing  multitude  of  symptoms  are  not  all 
present,  and  if  only  one  or  two  of  the  very  many  are  observed, 
one's  thoughts  may  be  totally  diverted  from  the  idea  of  a  ponto- 
cerebellar condition.  Seven  such  examples  verified  by  necropsy  are 
submitted  in  the  present  work.  A  minute  examination  along  the  lines 
described  was  applied  to  each  case.    The  results  are  presented  herewith. 

REPORT     OF     CASES 

Case  1. — A  tumor  involving  the  right  cerebellar  hemisphere  extending  for- 
Zi-ard  into  the  cerebellopontine  angle  on  the  same  side  but  not  displacing  or 
disfiguring  much  the  pontine  region.  The  patient  was  first  seen  eight  weeks 
hefore  the  operation  and  nine  weeks  before  death.  He  complained  of  headache, 
which,  however,  was  not  of  an  unusually  severe  character.  His  gait  and  sta- 
tion were  normal;  there  was  no  trace  of  leaning  to  one  side  in  walking.  The 
knee  reflexes  were  equal  and  intact.  The  plantar  reflex  was  flexor  in  type  by 
several  methods.  The  patient  complained  of  occasional  blurred  vision,  but  the 
eyegrounds  were  normal.  The  eye  muscles  functionated  normally.  There  was 
no  history  of  syphilis  and  the  blood  Wassermann  reaction  was  negative.  The 
diagnosis  was  exceedingly  difficult  in  view  of  the  total  absence  of  gross  objective 
phenomena.  The  headache,  it  is  true,  was  persistent:  l)ut  it  was  in  existence 
only  about  two  months,  and  the  patient  continued  his  occupation  of  truck 
driver  until  about  one  month  before  the  operation. 

Repeated  examinations  were  made.  It  was  soon  observed  that  while  he  was 
conversing  or  looking  forward  his  head  was  slightly  tilted  toward  the  right 
side.  During  the  subsequent  days  and  later  on,  the  head  remained  definitely 
in  the  inclined  position.  Moreover,  any  attempt  to  incline  it  to  the  opposite 
side  provoked  some  dizziness.  He  himself  observed  the  same  condition  when, 
accidentally,  he  turned  the  head  abruptly  to  the  left  side.  The  position  of 
the  head  was  such  that  the  chin  became  directed  toward  the  opposite  shoulder. 
The  patient  soon  began  to  complain  of  stiffness  in  the  neck,  and  careful 
interrogation  revealed  that  this  muscular  stiffness  was  distinct  on  the  right 
side  but  exceedinglv  slight  on  the  left. 
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The  persistent  headache  and  the  persistent  unilaterality  of  the  head  posi- 
tion, together  with  muscular  discomfort  on  the  same  side,  gave  an  indication 
of  the  possibility  of  an  intercranial  neoplasm  situated  presumably  on  the  right 
side  and  in  the  cerebellar  area.  This  presumption  became  stronger  when  the 
pointing  reaction  made  its  appearance.  The  latter  was  at  first  equal  and  nor- 
mal on  both  sides.  It  was  only  during  the  latter  examinations  that  an  error, 
at  first  slight  and  later  distinct,  wa.s  observed.  The  error  consisted  of  an 
outward  pointing  with  the  right  hand.  This  position  was  invariably  uniform  at 
each  of  the  e.xaminations.    The  vestibular  test  by  Barany's  method  was  negative. 

Verj'  soon  the  patient  began  to  complain  of  frequent  attacks  of  blindness, 
lasting  but  one  minute.  The  view  of  a  right  cerebellar  involvement  became 
stronger  and  stronger.  The  motor  and  sensory  apparatus  remained  intact 
throughout  the  entire  period  of  observation.  The  eyeground  then  showed  no 
distinct  pathologic  lesions,  but  the  veins  liegan  to  appear  to  be  somewhat 
dilated.  A  decompressive  operation  was  advised  and  agreed  to.  A  mass  was 
found  as  described. 

Case  2. — Tumor  situated  in  the  rigJit  cerebellopontine  area  and  producing 
no  evident  displacement  of  the  pons  zeith  its  structures,  the  mass  encroaching 
slightly  on  the  fifth  nerz-e.  The  patient,  aged  46,  a  bookkeeper,  had  during  the 
last  two  years  suffered  from  pain  in  the  right  side  of  his  face.  The  pain  was 
not  continuous,  but  would  occur  under  the  influence  of  some  emotion  or  else 
with  a  change  of  temperature.  The  facial  area  involved  corresponds  to  the 
distribution  of  the  first  two  branches  of  the  trigeminus.  Objectively,  there  was 
a  hyperesthesia  of  the  entire  right  side  of  the  face,  particularly  with  regard 
to  the  test  for  cold.  The  pain  was  not  of  a  neuralgic  character,  and  did  not 
occur  in  paroxysms.  The  patient  described  it  as  a  burning  pain  at  one  time, 
and  as  a  pulling  pain  at  another.  It  was  of  a  sharp  character,  l)ut  was  a  steady 
and  deeply  seated  aching.  For  many  months,  the  facial  pain  was  the  only 
morbid  manifestation.  There  were  no  changes  in  tlie  motor  apparatus.  Station, 
gait,  reflexes  were  all  normal.  The  patient  was  repeatedly  examined  and  care- 
fully gone  over.  Three  months  before  he  died  there  was  noticed,  for  the 
first  time,  an  error  in  the  pointing  reaction  on  the  right  side.  His  finger 
invariably  deviated  outward.  The  deviation  liecame  more  pronounced  as  the 
disease  progressed.  At  the  same  time,  a  d\smetria  made  its  appearance  on 
the  right  side  in  the  finger-to-nose  test  and  remained  unaltered  until  the  end. 
One  month  before  death,  the  right  knee  refle.x  became  diminished  and  remained 
as  such,  ."^t  no  time  did  the  eyes  show  any  changes  intra-ocularly  or  extra- 
ocularl}-.  The  vestil)ular  test  was  negative.  The  diagnosis  had  to  be  based 
exclusively  on  the  persistent  right-sided  facial  pain,  abnormal  right  past- 
pointing,  right-side  dysmetria  of  the  hand  and  diminished  right  knee  reflex. 
For  a  long  time,  however,  the  few  latter  symptoms  were  not  yet  in  evidence, 
and  a  diagnosis  of  a  right  pontocerebellar  condition,  in  view  only  of  facial 
pain  on  the  right  side,  could  not  logically  lie  entertained.  The  patient  died 
from  a  virulent  attack  of  pneumonia. 

Case  3. — A  small  tumor  i)i  the  left  cerebellopontine  angle.  A  girl,  aged  17 
years,  complained  of  occasional  vomiting  and  headache  during  the  past  year. 
They  would  occur  at  the  time  of  her  menstrual  periods.  A  relationship  between 
the  two  phenomena  as  cause  and  effect  was  considered  by  several  physicians 
who  were  called  in  for  an  opinion  and  advice.  The  patient  w^as  given  intensive 
opotherapy  for  many  months  without  relief.  Two  months  before  her  death, 
it  was  noticed  that  the  left  side  of  her  face  was  slightly  deviated  toward  the 


PONTOCEREBELLAR     TUMORS  285 

riglit  side.  This  facial  paresis  presented  all  the  cliaracteristics  of  peripheral 
involvement  of  the  seventh  nerve. 

A  carefnl  examination  revealed  no  almormal  manifestations  in  the  motor 
or  the  sensory  apparatus  and  no  involvement  of  other  cranial  nerves  except 
the  seventh  nerve  mentioned  in  the  foregoing.  It  was  o])served,  however,  that 
the  pointing  reaction  of  the  left  arm  was  invariahly  inward.  Many  examina- 
tions were  performed,  and  the  inward  pointing  on  the  left  side  was  persistent, 
while  the  pointing  with  the  right  hand  was  always  correct.  A  vestihular  test 
was  negative. 

In  spite  of  the  al)sence  of  gross  symptoms,  the  past-i)ointing,  together  witli 
the  left  facial  paresis  and  the  headache,  which  l)ccame  then  more  persistent 
and  continuous,  led  to  the  thought  of  a  left  ccrehellopontine  pressure.  No  other 
symptoms  were  present  during  the  last  period  of  the  ])atient's  life.  A  decom- 
pressive operation  was  performed,  l)ut  the  ])atient  died  tliree  days  later. 

C.'>iSE  4. — A  large  cystic  mass  in  the  right  cerebellar  heiiiisphere  pressing 
slightly  forzi'ard  against  the  pons.  A  man,  aged  40,  complained  of  dizziness  and 
a  slight  headache  in  tlie  low  occipital  region  for  six  months,  also  of  stiffness 
in  the  neck.  On  examination,  it  was  noticed  that  his  head  was  slightly  tilted 
to  the  rijiht,  and  on  attempts  to  turn  it  toward  the  left  side  he  hecame  dizzy. 
The  dizziness  lasted  about  one  minute. 

The  motor  and  the  sensory  apparatus,  as  well  as  tlie  special  senses,  were  all 
normal.  This  condition  lasted  two  months  witliout  alteration.  Soon  the 
patient  began  to  complain  of  occasional  dii)lopia.  The  eyegrounds  as  well  as 
the  ocular  muscles  remained  intact.  On  repeated  examinations,  an  error  of 
pointing  reaction  was  observed  in  the  right  arm,  namely,  inward  and  down- 
ward.    A  vestibular  test  was  negative. 

The  headache,  which  was  not  severe  in  the  suboccipital  region,  cervical 
discomfort,  dizziness,  slight  tilt  of  the  head  to  the  right  and  faulty  pointing 
reaction,  were  the  only  symptoms  for  a  diagnosis.  .Since  these  phenomena  were 
uniformly  persistent,  a  tentative  diagnosis  of  a  right  cerebellopontine  lesion 
was  made.  The  patient  met  with  an  accident,  falling  down  a  flight  of  stairs 
and  fracturing  his  left  thigh.  On  the  third  day  a  violent  type  of  pneumonia 
developed   and   he  died  on   the  fifth  day. 

Case  5.-^A  large  neoplasm  in  the  right  pontocerebellar  angle  pnsliing  the 
pons  to  the  left.  A  man,  aged  38,  a  teacher  of  languages,  complained  for 
several  years  of  attacks  of  vomiting,  followed  by  severe  headache  which 
lasted  twenty-four  hours.  At  first  they  occurred  once  in  two  or  three  months; 
but  within  the  last  year  of  his  life,  they  had  occurred  approximately  once 
in  two  weeks. 

On  examination  made  six  months  before  the  patient  died,  a  slight  engorge- 
ment of  the  retinal  veins  in  tlie  right  eye,  with  two  hemorrhagic  spots  in  the 
left  eye,  was  noticed.  The  motor  and  the  sensory  a])paratus  were  intact,  with 
the  exception  of  a  mild  but  a  distinct  hyperesthesia  over  the  right  side  of  the 
face.  No  other  symptom  was  in  evidence  until  two  months  before  death.  The 
patient  then  showed  defective  pointing  reaction  in  the  right  hand,  with  out- 
ward direction.  The  diagnosis  was  quite  difficult  at  first,  in  view  of  the  fact 
that  the  facial  hyperesthesia  was  practically  the  sole  ol)jective  symptom.  Never- 
theless, the  persistence  of  this  symptom,  together  with  the  history  of  headache 
and  vomiting  (although  only  paroxysmal)  gradually  led  one  to  suspect  an 
intracranial  condition.  The  development  of  the  pointing  reaction,  which 
remained  persistently  confined  to  the   right  side,   fortified   me   in   my   suspicion 
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A  month  later,  hemorrhages  appeared  in  the  right  fundus  oculi.  and  patient 
complained  of  losing  his  eyesight.  A  right  suhoccipital  decompression  was 
performed,  but  the  patient  died  on  the  following  day. 

Case  6. — A  small  tumor  of  the  sice  of  a  zcahiut  in  the  anterior  portion  of 
the  right  hemisphere  lying  close  to  the  medulla  laterally  and  the  pons  ante- 
riorly. A  woman,  aged  48,  gave  a  history  of  prolonged  headache  of  a  very 
mild  character,  occurring  once  a  month  during  a  period  of  six  years,  to  which 
the  diagnosis  of  migraine  was  given.  When  seen  by  me  about  six  months 
before  death,  she  presented  the  following  symptoms:  a  slight  palsy  of  the 
external  rectus  muscle  on  the  right  side,  disturbances  of  smell  in  the  right 
nostril,  some  discomfort  in  the  neck  on  both  sides,  which  she  qualified  as  a 
pulling  sensation.  The  refiexes,  sensations,  gait  and  station  were  all  normal. 
The  patient  complained  of  dimness  of  vision,  but  the  eyegrounds  were  normal. 
This  condition  remained  unchanged  for  four  months,  when  error  in  the  point- 
ing reaction  of  the  right  hand  developed.  Its  reaction  was  outward  and  down- 
ward. This  error  persisted  until  the  time  of  death.  During  the  last  three 
weeks,  a  tilting  of  the  head  to  the  right  was  noticed,  remaining  unaltered 
until  the  end.  Operation  w-as  refused.  Patient  contracted  a  profuse  diarrhea, 
with  a  bloody  discharge,  and  died  suddenly,  being   found  dead  in  bed. 

Case  7.— A  )nass  lying  in  the  anterior  portion  of  the  left  cerebellar  hemi- 
sphere close  to  the  pons  and  adherent  to  the  eighth  nerve.  (During  the  removal 
of  the  brain  the  affected  hemisphere  was  much  lacerated.)  A  man,  aged  45, 
a  bartender,  complained  during  the  last  two  years  of  his  life  of  headache, 
and  occasional  vomiting  and  diplopia.  He  came  under  my  observation  two 
months  before  his  death.  He  presented  a  tilting  of  the  head  to  the  left  with 
the  chin  turned  to  the  right.  When  the  head  was  turned  to  the  opposite  side, 
dizziness  appeared,  but  lasted  only  a  few  seconds.  With  the  exception  of  a 
markedly  diminished  left  patellar  tendon  reflex,  there  were  no  other  evidences 
of  an  intracranial  involvement.  A  vestibular  test  at  that  time  was  negative. 
Soon  the  pointing  reaction  became  defective,  its  direction  being  inward  and 
dow-nward.  The  clinical  picture  was  merely  suggestive  of  a  cerebellar  condi- 
tion. One  month  before  operation,  the  patient  suddenly  became  blind  in  the 
right  eye.  An  examination  revealed  a  marked  venous  engorgement,  with  a 
few  hemorrhagic  spots  in  the  right  ocular  fundus  ;  l)ut  no  changes  were  seen  in 
the  left  eye.  A  Barany  test  at  this  phase  w-as  positive,  indicating  the  existence 
of  a  pontocerebellar  lesion.  A  decompression  in  the  sul)()ccii)ital  region  was 
made,  but  the  patient  died  a  few  hours  later. 

COMMENT 

An  analysis  of  tliese  cases  demonstrates  one  striking  fact:  while 
during  many  months  no  diagnosis  could  he  made,  the  symptoms  sug- 
gesting a  pathologic  condition  approximately  in  the  cerehellar  vicinity 
commenced  to  make  their  appearance  very  late,  so  that  early  surgical 
mterference  could  not  he  thought  of.  As  to  the  symptoms  themselves, 
their  numher  was  too  small  to  permit  strong  inferences  at  first,  only 
their  unilaterality  and  gradual  and  progressive  development  one  after 
another,  and,  finally,  their  persistence  after  heing  estahlished,  leading 
to  a  tentative  conclusion  as  to  their  localization.  It  is  not  less  remark- 
ahle  that  in  five  of  seven  cases  the  increased  intracranial  pressure  failed 
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to  produce  changes  in  the  ocular  fundi.  In  the  two  positive  cases,  the 
changes  appeared  but  a  short  time  before  death  (two  months  and  one 
month,  respectively).  Retinal  hemorrhages  with  venous  engorgement 
were  the  symptoms  observed.  In  view  of  their  late  development,  the 
early  diagnosis  remained  in  suspense ;  their  entrance  into  the  picture 
of  the  disease  at  once  rendered  the  already  made  tentative  localization 
more  and  more  suggestive. 

The  positive  sign  common  to  all  the  cases  was  the  error  in  the 
pointing  reaction.  The  latter  seems,  therefore,  of  great  value,  and  the 
search  for  it  should  be  made  persistently  and  repeatedly,  since  in  all 
the  seven  cases  it  was  a  late  manifestation.  Its  absence  in  the  early 
period  of  the  disease  was  noticeable. 

A  special  position  of  the  head  was  present  in  four  of  seven  cases. 
The  head  was  inclined  toward  the  side  of  the  tumor,  and  when  attempt 
was  made  to  move  it  to  the  opposite  side,  headache  and  dizziness 
appeared,  a  diagnostic  symptom  to  which  I  called  attention  several 
years  ago  and  which  I  have  had  an  opportunity  to  verify  on  many 
occasions.^  The  special  position  of  the  head,  which  remained  unaltered 
until  death,  contributed  to  a  great  extent  to  the  formation  of  a  diag- 
nostic opinion,  which  was  so  difficult  because  of  the  extremely  small 
number  of  symptoms. 

In  two  cases,  there  was  present  a  persistent  discomfort  in  the  neck- 
muscles,  consisting  of  a  stiffness  or  a  pulling  sensation.  Although  such 
a  phenomenon  has  been  observed  and  reported  in  the  literature,  never- 
theless its  conspicuousness  in  both  cases  did  not  permit  attaching  to  it 
any  diagnostic  importance. 

In  Case  2,  there  was  one  special  symptom  which  made  it  quite 
suspicious  with  regard  to  an  intracranial  involvement,  in  spite  of  the 
absence  of  gross  and  definite  manifestations.  It  consisted  of  a  per- 
sistent pain,  with  an  objective  hyperesthesia  confined  to  the  area  of 
distribution  of  the  first  two  branches  of  the  fifth  nerve. 

The  pain  was  not  of  a  neuralgic  character,  but  a  deep  seated  and 
continuous  aching.  ])ulling  or  burning.  It  was  so  unmistakably  different 
from  the  classical  neuralgia,  and  so  persistent  and  discomforting  to  the 
patient  that  attention  was  unavoidably  directed  to  the  possibility  of  an 
intracranial  involvement. 

Nerve  involvement  is  observed  very  frequently  in  cerebellopontine 
neoplasm.  Indeed  one  may  say  it  is  a  strong  diagnostic  and  localizing 
symptom.  Curiously  enough,  only  in  two  cases  of  my  series,  the 
seventh  and  sixth  nerves,  respectively,  were  affected  but  in  a  mild 
degree,  and  only  toward  the  termination  of  the  disease.     A  long  period 


1.  Gordon,  Alfred:    A   Special   Diagnostic   Plienomenon   in   Cerebellar  Dis- 
eases, J.  A.  M.  A.  51:461    (Aug.  8)    1908. 
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of  time  elapsed  before  these  two  nerves  showed  any  involvement  at 
all,  and  no  definite  diagnosis  could  be  made  from  the  very  few  symp- 
toms present. 

The  vestibular  tests  by  Barany's  methods  are  usually  of  a  con- 
siderable assistance  in  pontocerebellar  conditions.  The  negative  results 
observed  in  six  cases  of  the  series  are  certainly  a  striking  feature.  In 
one  case,  it  proved  its  diagnostic  value  during  the  advanced  period  of 
the  disease.  It  seems,  therefore,  that  in  cases  in  which  there  is  a  great 
paucity  of  symptoms,  the  vestibular  test  itself  is  negative,  although  its 
usefulness  would  have  been  particularly  enhanced  in  such  cases  had  it 
given  positive  results. 

CONCLUSIONS 

The  present  study  indicates  the  possibility  of  unusual  difiiculties  in 
the  diagnosis  of  pontile  angle  tumors,  leading  to  a  delay  in  operative 
procedures,  which,  after  the  diagnosis  had  been  made  i)ossil)le.  become 
useless  and  highly  dangerous. 

The  vestibular  reactions  which  ordinarily  render  considerable  aid 
in  the  diagnosis  of  pontocerebellar  tumors  are  evidently  not  invariably 
positive  in  every  case.  Their  absence  singularly  enough  coincides  wath 
the  absence  of  many  other  important  symptoms  on  which  a  neurologic 
examination  is  based.  The  present  study  demonstrates  the  fact  that 
mtegrity  of  vestibular  reactions  does  not  exclude  the  possibilitv  of  a 
pontile  angle  tumor. 

In  cases  in  w^hich  the  diagnostic  difficulties  are  great,  one  or  two 
slight  manifestations  may  obstinately  persist  at  repeated  examinations; 
such  symptoms,  although  slightly  or  \erv  slightlv  developed,  should  be 
looked  on  with  suspicion,  and,  particularly,  if  they  are  ]:)ersistently 
unilateral,  a  pontocerebellar  condition  should  be  thought  of  Further- 
more, the  series  of  cases  under  discussion  show  that  among  such 
apparently  insignificant  syni])tonis  the  ])ointing  error  is  of  great  local- 
izing value,  as  it  w^as  present  in  each  of  the  seven  cases.  Its  value  is 
parallel  with  that  of  gait  disturbance,  which  is  manifested  in  walking  or 
falling  toward  one  side  in  unilateral  cerebellar  conditions.  It  is  also 
parallel  with  diadokokinesia  quick  pronation  and  su])inati()n  ) .  which  is 
intimately  related  to  the  ftmctioning  of  the  homolateral  cerebellar 
hemisphere.  The  pointing  error >  are  to  be  regarded  as  the  result  or 
consequences  of  a  disturbance  in  the  regulation  and  in  tlie  coordination 
of  voluntary  movements,  which  are  controlled  by  the  cerebellum 
directly  or  indirectly.  The  role  of  the  latter  as  a  coordination  center 
or  as  an  organ  receiving  its  reflex  influence  in  coordination  from 
elsewhere  in  the  central  nervous  system  is  still  in  disjnite. 

Persistent  ])ain  in  the  area  of  distribiuion  of  one  or  two  branches 
of  the  trigeminus,  pain  which  is  not  of  the  typical  neuralgic  character, 
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but  wliich  has  the  cliaracter  of  puUing,  Inirning-,  borinji;-,  etc..  seems  to 
be  a  highly  suggestive  symptom  in  conditions  under  discussion,  as 
Case  2  has  proved.  Here  again,  its  persistence  at  repeated  examina- 
tions and  particularly  its  extremely  deep  seated  character  should  sug- 
gest the  possibility  of  a  material  pressure  on  the  fifth  nerve  at  the 
level  of  the  pons.  Its  occurrence  in  the  second  case  seems  to  l)e  highly 
mstructive  for  diagnostic  purposes. 

After  a  careful  consideration  of  all  these  special  phenomena,  it 
appears  that,  while  it  is  true  that  a  diagnosis  is  almost  an  impossibility 
m  the  presence  of  such  an  extremely  small  number  of  symptoms  as 
seen  in  the  present  series  of  seven  cases,  nevertheless  the  analysis  of  the 
foregoing  special  symptoms,  with  their  particular  characteristics  even 
m  the  early  phases  of  the  disease,  is  bound  to  arrest  one's  attention. 
In  all  sucli  cases,  a  cerebellopontile  condition  should  always  be  thought 
of  and  early  radical  intervention  be  seriously  considered.  To  reiterate: 
a  negative  vestibular  test  is  not  to  be  relied  on  for  diagnosis,  as  it  is  not 
conclusixe.  and  the  present  study  has  shown  that  integrity  of  vestib- 
ular reactions  coincide  frequently  with  paucitv  of  other  neurologic 
manifestations. 

Special  emphasis  is  laid  on  the  important  fact  that  a  limited  or 
very  limited  number  of  morbid  manifestations  may  be  present  even  in 
cases  in  which  the  tumor  is  large,  as  the  findings  in  the  present  series 
have  proved  it  amply.  The  dimensions,  therefore,  of  a  neoplasm  must 
not  be  taken  into  consideration  in  every  case,  when  the  proper  esti- 
mation of  the  few  symptoms  present  is  diagnosticallv  figured  out. 

H.  W.  Stenvers  -  has  recently  called  attention  to  a  very  interesting 
dififerential  diagnostic  point.  He  observed  in  several  instances  that 
roentgenograms  reveal  erosions  of  the  mesial  part  of  the  petrous  bone 
m  pontile  angle  tumors.  If  the  statement  is  correct,  these  findings  are 
of  great  ]:)ractical  value  and  add  an  important  diagnostic  symjitom, 
particularly  in  cases  in  which  the  number  of  symptoms  is  unusually 
small. 


2.  Stenvers,  H.  W. :    J.  Nerv.  &  Ment.  Dis.,  January,   1922,  p.  54. 
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I.     Introduction 

Walking  is  a  highly  complicated  process.  The  underlying  mecha- 
nisms, in  view  of  their  importance  in  all  studies  of  motility,  have 
attracted  attention  at  least  since  the  days  of  the  Weber  brothers,  nearly 
one  hundred  years  ago.  The  general  conception  of  the  movements  of 
the  four  extremities  has  not  changed  essentially  since  it  was  first 
described.  These  movements  were  recently  described  thus :  *'The  right 
upper  and  left  lower  limbs  are  coupled  together  and  swing  forwards 
or  backwards  at  the  same  time,  flexion  of  one  arm  occurring  with 
extension  of  the  leg  on  the  same  side."  ^  In  other  words,  both  the 
homolateral  limbs  as  well  as  the  pairs  of  arms  and  legs,  respectively, 
move  in  opposite  directions.  This  conception  is  based  on  ordinary 
observations  and  on  the  action  of  certain  definite  muscles.  Though  it 
has  been  recognized  since  the  days  of  Huxley  that  the  front  of  tlie 
leg  is,  in  reality,  the  dorsal  surface  and  though  this  has  been  abundantly 
proved  by  various  anatomists  who  have  studied  the  comparative 
anatomy  and  embryology  of  the  limbs,  the  significance  of  this  has 
apparently  attracted  little  attention  among  neurologists  and  has  not 
been  used  in  the  interpretation  of  group  movements,  normal  or 
abnormal,  of  man.  The  process  of  walking  has  therefore  been  dis- 
cussed from  the  point  of  view  of  muscular  action,  on  one  hand,  and 
from  the  point  of  view  of  its  general  control  as  a  reflex  mechanism 


1.  Riddoch,  George,  and  Buzzard.  E.  Farquhar:  Reflex  Movements  and 
Postural  Reactions  in  Quadriplegia  and  Hemiplegia,  with  Especial  Reference 
to  Those  of  the  Upper  Limh,  Brain  44:462,   1921. 
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by  the  spinal  cord  on  the  other.  The  classical  work  of  Sherrington 
has  established  definite  laws  for  this  reflex  action  and  has  also  indicated 
which  muscles  are  involved  in  certain  phases  of  reflex  stepping  (Fig. 
1,  Table  1).  However,  in  all  this,  no  attempt  seems  to  have  been  made 
to  interpret  walking  from  a  point  of  view  which  considers  the  embry- 
ology and  evolutionary  origin  of  the  muscles  involved.  I  shall  attempt 
to  show  that  the  spinal  cord  controls,  by  its  integrations,  large  groups 
of  muscles  which  are  related,  not  only  embryologically,  but  also  by 
virtue  of  their  common  nerve  supply.  On  this  basis  it  may  be  shown 
that  the  integrations  controlling  walking  are  among  the  foundations 
of  the  nervous  system  and  constitute  primitive  motility  patterns.     All 

TABLE    1. — Thk   Muscles   Shown    in    Figure    1    Arranged   in   Ventral 
AND    Dorsal    Groups  * 


Ventral 


Dorsal 


Ventral 


Dorsal 


I.  Psoas 

M.  Gluteus  minimus 
R.  Rectus  femoris 
F.  Tensor  fasciae  femoris 

brevis 
S.  Sartorius  lateralis 
S'.  Sartorius  medialis         ' 


0.  Quadratus  femoris 

3.  Adductor  minor 

4.  Adductor  major  (a 

part) 

5.  Semimembranosus 

6.  Biceps  femoris  pos- 

terior 


II.    B.     Biceps    femoris 
posterior 
G.  Gracilis 
T.  Semitendinosus 


1.  Crureus 

2.  Vast! 


III. 


A.  Tibialis  anticus 

L.  Extensor  longus  digi- 

torum 
P.  Peroneus  longus 
E.  Extensor    digitorum 

brevis 


T.  Gastrocnemius 

8.  Soleus 

9.  Flexor     longus 

torum 


digi- 


*  The  first   group  in  both   tables   includes   muscles   acting   at  the  hip,    the   second  those 
acting  at  the  knee,  the  third  those  acting  at  the  ankle. 


the  neurons  engaged  in  producing  patterns  necessary  to  gait  are  of 
spinal  origin.  On  these  are  superimposed  other  patterns  appearing 
later  in  the  course  of  development  and  more  complicated  mechanically. 
In  order  to  appreciate  the  significance  of  the  various  integrations 
controlling  motility,  it  is  necessary  first  to  understand  the  most  primitive 
of  these  and  the  manner  in  which  they  control  muscles.  Emerging 
from  this  method  of  interpretation  of  movement — which  has  been 
designated  the  neuromuscular  ^  and  which  considers  the  grouping  of  the 
peripheral  motor  neurons  and  their  end-organs,  the  muscles — the  idea 
will  be  developed  that  thougli  the  actual  visible  movements  involved 


2.  Kraus,  Walter  M. :  A  Principle  Hitherto  Undescribed  of  the  Physiology 
of  Movement  and  Posture.  The  Primitive  Integration  of  Movement  in  Verte- 
brates, Arch.  Neurol.  &  Psychiat.  7:381    (March)    1922. 
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in  walking  indicate  that  in  reality  the  homolateral  limbs  move  in 
opposite  directions,  when  their  control  by  the  nervous  system  is  con- 
sidered, these  opposite  movements  are  equivalent  to  movement  in  the 
same  direction.  Furthermore,  it  will  be  shown  that  there  exist  corres- 
ponding opposite  phases  of  gait  in  which  the  analogues  of  the  activity 
of  singly  hinged  appendages  in  primitive  animals  can  be  made  out,  and 
that  superimposed  on  these  is  another  pair  of  corresponding  opposites 


coatvaotiiif;  in  tlic  fl.xion 
.1. 


l>h:, 


A.  tiliialis  anlicu!;. 

B,  biceps  fciiioris  posterior. 
!•".,  extensor  brevis  diftitonnn. 
!•",  tensor  f;isci:e  fenioris  hruNis. 
fr,  gracilis. 

1.  psoas. 

L.. extensor  longus  digitoniiii. 
M.  gluteus  minimus. 
P,  peron((Us  longus. 
)    R.  rectus  fenioris. 
S,  sartorius  hiterali!;. 
S',  sartoriiis  medial  is. 
T.  semitcndinosus. 


jctu.ill;.  ..li~ci-\.i]  liy  experimental  analysis  to  1"   . 
A  aiiii  in  i1h   .  \ioiision  phase  \'t  of  the  rellex  ^top  •■{ 
73. 
Oi  (juadratus  femoris. 
1,  crureus. 
■J.  vasti. 
ii,  adductor  minor. 

4.  adductor  major  (a  part). 

5,  scminiemhraMDSus. 

Ci.  biceps  femiiris  posterior. 

7,  gastrocnemius. 

.s,  solcu.s. 

9.  llexor  lon^'us  digitorum. 


Fig.  1. — Reproduced   from  Brain,  volume  33,  page  22,   1910,   from   the  article 
by  C.  S.  Sherrington  on  "Remarks  on  the  Reflex  Mechanisms  of  tlie  Step." 


also  controlled  by  the  spinal  cord  and  based  on  the  development,  in  the 
course  of  evolution,  of  the  three-hinged  appendages  of  the  land-living 
vertebrate.  Such  an  analysis  of  the  control  of  walking  by  spinal 
integrations  demands  an  entirely  new  point  of  view  toward  posture 
and  progression  patterns,  not  only  in  normal  man  but  also  in  all  dis- 
orders of  the  central  nervous  system  in  which  these  neurons  are 
disturbed. 
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II.     THE     ANATOMIC     AND     PHYSIOLOGIC     BASES     OF     THE 
NEUROMUSCULAR      MECHANISM 

As  has  been  said  before,-  movements  are  now  described  in  such  terms 
as  extension,  abduction,  internal  rotation,  etc.  In  other  words,  we 
describe  the  activity  of  a  neuromuscular  mechanism  in  terms  of  the 
muscular  part  of  that  mechanism  alone,  disregarding  the  neurologic 
element  of  movement  and  its  control  by  the  spinal  cord  and  its  peripheral 
nerves.  The  neural  part  of  the  mechanism  is  represented  by  peripheral 
motor  neurons.  The  activation  of  groups  of  these  neurons  in  various 
ways  by  the  spinal  cord  is  carried  out  by  neurons  within  the  spinal 
cord  and  is  known  as  integration.  When  we  describe  in  terms  of 
muscular  action  only,  complicated  movements  guided  by  integrations  of 
the  nervous  system  at  levels  limited  to  or  higher  than  tlie  spinal  cord, 


Fig.  2. — Adapted  from  "Human  Anatomy"  by  G.  A.  Piersol,  Part  2,  p.  1284, 
Fig.  1085.  D.  Br.,  dorsal  branch ;  / '.  Br.,  ventral  branch ;  L.  Br.,  lateral  branch ; 
A.  Br.,  anterior  branch;  P.  R.,  posterior  root;  A.  R.,  anterior  root;  P.  D., 
posterior  division;  A.  D.,  anterior   division. 

we  omit  consideration  of  the  spinal  patterns  and  control  of  the  final 
neuromuscular  mechanism. 

The  nervous  system  is  unquestionably  built  up  of  a  series  of  physio- 
logic levels  of  which  the  higher  or  more  recently  developed,  phylogenet- 
ically  speaking,  carry  out  functions  which  are  different  from  the  lower. 
As  Herbert  Spencer  remarked,  "Integration  keeps  pace  with  differen- 
tiation." As  animals  become  more  and  more  differentiated,  more  and 
more  needful  of  performing  new  kinds  of  movements  in  pattern,  integra- 
tions appear  to  carry  out  these  group  movements.  It  is  my  opinion 
that  we  must  have  some  conception  of  the  integrating  action  of  the 
lowest  levels  in  order  to  interpret  the  higher.  We  must  know  how 
the  spinal  cord  integrates  movements  in  order  to  understand  the  activi- 
ties and  patterns  of  higher  integrations  superimposed  in  the  course  of 
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evolution  and  ultimately  to  understand  why  it  has  become  necessary 
for  these  higher  integrations  to  appear  at  all.  It  is  necessary  to  consider 
in  detail  the  general  plan  of  the  peripheral  nerves,  the  general  plan  of 
the  innervation  of  muscles  by  them  and  the  embryologic  grouping  of 
the  muscles  themselves  in  order  properly  to  examine  integration  of 
movement  by  the  spinal  cord. 

A  typical  thoracic  spinal  nerve  having  nothing  to  do  with  the  inner- 
vation of  limbs  shows  a  number  of  divisions  after  union  of  the  anterior 
and  posterior  spinal  roots.  The  trunk  so  formed  divides  into  an  anterior 
and  posterior  division.  The  anterior  division  divides  further  into  a 
lateral  and  an  anterior  branch,  the  lateral  branch  dividing  into  a  dorsal 

TABLE  2. — Division    of    the    Nerves    of    the    Extremities    into 
Dorsal  and  Ventral  Groups 


Upper  Extremity 

Origin 

Groups 

Nerves 

Brachial  plexus 

Dorsal  trunks 

Dorsal  scapular 

(posterior  cord) 

Long  thoracic 

Suprascapular 

Subscapular  (2) 

Thoracodorsal 

Axillary 

Radial 

Ventral  trunks 

Nerve  to  subclavius 

(lateral  and 

Anterior  thoracic  (2) 

medial  cords) 

Musculocut  aneous 

Median 

Ulnar 

Lower  Extremity 


Lumbosacral 
plexus 


Dorsal  trunks 


Superior  gluteal 
Inferior  gluteal 
Nerve  to   piriformis 
Femoral 
Peroneal 


Ventral  trunks        '•    Obturator 

Nerve  to  obturator  internus  and  superior  gemellus 
Nerve  to  quadratus  femoris  and  inferior  gemellus 
Tibial 


and  a  ventral  (Fig.  2).  As  far  as  the  axial  musculalure  is  concerned, 
the  portions  of  it  developed  from  the  ventrolateral  portions  of  the 
embryo  are  supplied  by  the  anterior  division  and  its  branches,  while 
the  dorsal  musculature  is  supplied  by  the  posterior  branches.  Thus,  a 
simple  scheme  results  from  a  physiologic  point  of  view.  There  emerges 
the  notion  that,  in  general,  movements  of  extension  are  guided  by  the 
posterior  division,  while  fiexion  is  guided  by  the  anterior  division.  The 
lateral  and  rotatory  movements  produced  by  these  groups  of  muscles 
are  due  to  overactivity  of  the  right  and  left  halves  of  either  the  dorsal 
or  the  ventral  groups  or  both.  One  theory  assumes  that  the  limb 
plexuses  are  made  up  only  of  the  lateral  branch  of  this  division.  For 
the  purposes  of  this  discussion,  it  is  not  important  to  try  to  reach  a 
decision  as  to  which  of  these  theories  is  correct. 
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The  primitive  extremities  of  the  embryo  are  flattened  buds  having 
a  dorsal  and  ventral  surface.  The  "premuscle  mass"  on  the  dorsal 
side  gives  rise  to  muscles  the  majority  of  which,  in  the  adult,  have  an 
extensor  function.  The  "premuscle  mass"  on  the  ventral  side  gives 
rise  to  muscles  the  majority  of   which   have  a  flexor   function.     The 


IvPOQISTRic. 
Ilioinqulnal" 


LaTeRol  [emoRol  curaneous 


Iliacus 


ObruRaTOR 
SupeRioR  oluTea' 


lofeRloR  ciluTeal 


'Common  peRoneal 


SciaTiC 


To    QuocIrqtuS  jernoRis  and 
JnfeRioRQemellus 

lo  ObTuaaTcfl  mreRnLiS  and 
si'peRioR  Qemcllus 

Pos7eRioR  femoRal  cuTancou 

PenfoRaTmo  cuTaneou 

Pudenfial 


h  LuiTiba 


m®— >tK  Lu<r,baR 


iT  sacaal 


Fflom  iiTh  tIiorocic 
1st  LumboR 

■and  LumDoR 


3r<1  LurntKLR 


and  sacRol 

isceRal  bRanch 

3Rd  sacRal 

visceRal  bfloncVi 

4tK  saCHttl 

tsceRol  bRQnoh 

5tK  sacHal 

coccyqeal 


TblevQiOR  am,  cotcyqeos 
stKincTeB  ""i  exTERnus 


Fig  3. — Plan  of  the  lumbar,  sacral  and  pudendal  plexuses.  Black,  dorsal; 
white,  ventral;  cross-hatched,  combined.  (Modified  from  Gray's  "Anatomy,"  pp. 
949  and  958). 


crux  of  the  whole  situation  lies  in  the  fact  that  certain  muscles  have 
a  function  opposite  to  that  which  would  be  expected  from  a  knowledge 
of  the  side  of  the  limb  bud  (ventral  or  dorsal)  from  which  they 
develop.     For  example,  the  iliopsoas  group  develops  from  the  dorsal 
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muscle  mass  of  the  lower  limb  bud,  but  has  a  ventral  function,  that  is, 
flexion.^  This  is  an  old  and  well-known  fact,  and  is  due  to  rotation 
of  the  leg  in  the  course  of  evolution. 

To  return  now  to  the  question  of  innervation,  we  find  that  the 
embryology  of  the  muscles  is  beautifully  emphasized  by  their  innerva- 
tion. It  is  well  known  that  the  nerves  of  the  brachial  and  lumbosacral 
plexuses  divide  into  two  definite  groups,  one  of  which  is  posterior  or 
dorsal  and  the  other  anterior  or  ventral.  In  the  arm.  the  ventral 
branches  of  the  brachial  plexus  innervate  the  subclavius  and  pectoral 
nmscles  as  well  as  all  the  muscles  supplied  by  the  musculocutaneous, 
median  and  ulnar  nerves.  The  remaining  nerves  are  dorsal  (Table  2). 
The  same  division  in  the  lumbosacral  plexus  is  indicated  by  Figure  3 
and  Table  2. 

A  detailed  table  of  muscles  based  on  their  derivation  from  the 
dorsal  or  ventral  aspects  of  the  limb  bud  and  their  supply  by  the  dorsal 
or  ventral  branches  of  the  limb  plexuses  shows  that  those  muscles  which 
develop  from  the  dorsal  layers  of  the  bud  are  supplied  by  the  dorsal 
branches  of  the  limb  plexus  and  those  which  develop  from  the  ventral 
layers  by  the  ventral  branches.  The  analogy  to  the  condition  in  the 
axial  musculature  is  obvious   (Tables  2.  3,  4  and  5).^ 

From  all  this  we  arrive  at  some  possibility  of  schematization.  In 
the  nerves  and  muscles  of  the  upper  and  lower  limbs  we  find,  as  in 
the  case  of  the  iliopsoas  mentioned  before,  that  muscles  which  would 
be  expected  to  have  an  extensor  action  have  in  reality  a  flexor  action 
and  vice  versa.  In  other  words,  were  we  to  group  the  muscles  acting 
in  any  given  movement  merely  on  the  basis  of  their  activity  as  muscles 
and  leave  out  of  consideration  their  embryology  and  activating  nerves, 
we  would  be  leaving  out  entirely  the  division  of  these  nerves  and  of 
their  end-organs,  the  muscles,  into  large  ventral  and  dorsal  groups. 

To  illustrate  how  this  information  may  be  used  for  discovering  just 
how  the  spinal  cord  may  integrate  movement,  let  us  consider  the  use 
of  relatively  simple  spinal  integrations  in  the  process  of  walking. 

HI.     TECHNIC     USED     IN     ANALYZING     THE 
PROCESS      OF     WALKING 

Simple  observation  of  walking  and  running  in  a  normal  man  does 
not  permit  of  a  precise  analysis  of  the  various  phases  of  gait.  The 
movements  are  too  rapid  and  the  transitions  between  flexion  and  exten- 
sion, etc.,  are  too  small  to  give  accurate  results.     Advantage  was  there- 


3.  Lewandowsky,  M. :  Handbuch  der  Neurologic.  Flatau,  Edward :  Die 
Motorische,  Sensible  und  Reflex  Segnientierung  im  Riickcnmark,  Allg.  Neurol. 
1,  Pt.  2,  p.  659,  1910.  Cunningham.  D.  J.:  Textbook  of  .Anatomy,  New  York, 
William  Wood  &  Co.,  1918,  p.  743.  Braus,  Hermann:  .Anatomic  des  Mcnschen, 
Bewegungsapparat,  Berlin  1:    1921. 
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tore  taken  of  cinematographic  pictures  by  which  a  considerable  number 
of  successive  phases  of  walking  and  running  could  be  obtained. 

The  pictures  taken  were  a  series  from  X  to  Z  (Fig.  4).    X  Y  and 
Z  were  indicated  on  a  black  drop  by  sheets  of  white  paper.     Y  indicates 

TABLE  3. — Division    of   the    Muscles    of   the    Upper    Extremity    into 
Dorsal  and   Ventral   Groups 


Dorsal 

Ventral 

1 

Levator  s 

capulae 

1 

2 

Serratus 

anterior 

2 

3 

Rhornboideiis  ma 

jor 

3 

4 

Rhomboideus  minor 

4 

5 

Supraspin 

atus 

5 

6 

Infraspinatus 

6 

7 

Teres  minor 

7 

8 

Deltoid 

8 

9 

Subscapu 

aris 

9 

K) 

Teres   ma 

jor 

10 

11 

Latissimus  dorsi 

11 

12 

12 

Subelavius 

13 

13 

Pectoralis  major 

14 

14 

Pcctoralis  minor 

15 

15 

Biceps  braehii 

16 

16 

Brachialis  * 

17 

17 

Coracobrachialis 

18 

Bracliiora 

dialis 

18 

19 

Extensor 

carpi  radialis  longus 

19 

20 

Extensor 

carpi  radialis  brevis 

20 

21 

Supinatoi 

21 

22 

Extensor 

pollicis 

longus 

22 

23 

Extensor 

indicis 

proprius 

23 

24 

Abductor 

pollicis 

longus 

24 

25 

Extensor 

pollicis 

brevis 

25 

26 

Extensor 

communis  digitorum 

26 

27 

Extensor 

carpi  ulnaris 

27 

28 

Extensor 

minimi 

digiti  quinti 

28 

29 

Anconeus 

29 

30 

Triceps 

30 

31 

31 

Pronator  teres 

32 

32 

Flexor  carpi  radialis 

33 

33 

Palmaris   longus 

34 

34 

Flexor  digitorum  subllmis 

35 

35 

Flexor  digitorum  profundus 

36 

36 

Flexor  pollicis  longus 

37 

37 

Pronator  quadratus 

38 

38 

Lumbricalis  1 

39 

39 

Lumbricalis  2 

40 

40 

Lumbricalis  3 

41 

41 

Lumbricalis  4 

42 

42 

Abductor  pollicis  brevis 

43 

43 

Opponens  pollicis 

44 

44 

Flexor  pollicis  brevis  (lateral  head) 

45 

45 

Flexor  pollicis  brevis  (medial  head) 

46 

46 

Flexor  carpi  ulnaris 

47 

47 

Adductor  pollicis  obliquus 

48 

48 

Adductor  pollicis  transversus 

49 

49 

Interosscus  volaris  1 

50 

50 

Interosseus  volaris  2 

51 

51 

Interosseus  volaris  3 

52 

52 

Interosseus  dorsalis  1 

53 

53 

Interosseus  dorsalis  2 

54 

54 

Interosseus  dorsalis  3 

55 

55 

Interosseus  dorsalis  4 

56 

56 

Opponens   digiti    quinti 

57 

57 

Flexor  digiti  quinti  brevis 

58 

58 

Abductor  digiti  quinti 

*  Supplied  by  both   dorsul  and  ventral  nerves. 


tlie  point  at  whicli  the  subject  was  directly  in  front  of  the  camera  and 
X  and  Z  two  point?  equidistant  from  Y  on  either  side.  The  distance 
X — Z  is  equal  to  17  feet.  In  order  to  include  positions  X  and  Z,  a  pano- 
ramic series  was  used.   Of  the  series  reproduced,  seventeen  pictures  were 
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TABLE  4. — Division    of   the    Muscles    of   the   Lower    Extremity    into 
Dorsal  and   Ventral   Groups 


Dorsal 

Ventral 

1 

Iliacus 

1 

2 

Psoas  major 

2 

3 

Psoas  minor 

3 

4 

Pectineus  * 

4 

5 

Sartorius 

5 

6 

Rectus  femoris 

6 

7 

Vastus  lateralis 

~ 

8 

Vastus  medialis 

8 

9 

Vastus  intermedius 

9 

10 

Tensor  fasciae  latae 

10 

11 

Gluteus  minimus 

11 

12 

Gluteus  medius 

12 

13 

Piriformis 

13 

14 

Gluteus  maximus 

14 

15 

Biceps  femoris,  short  head 

15 

16 

16 

Biceps  femoris,  long  head 

17 

17 

Semitendinosus 

18 

18 

Semimembranosus 

19 

19 

Adductor    magnus 

20 

20 

Obturator  externus 

21 

21 

Adductor  longus 

22 

22 

Adductor  brevis 

23 

23 

Gracilis 

24 

24 

Obturator  internus 

25 

25 

Superior  gemellus 

26 

26 

Interior  gemellus 

27 

27 

Quadratus  femoris 

28 

Tibialis  anterior 

28 

29 

Extensor  hallucis  longus 

29 

30 

Extensor  digitorum  longus 

30 

31 

Peroneus  tertius 

31 

32 

Peroneus  longus 

32 

33 

Peroneus  brevis 

33 

34 

Extensor  digitorum  brevis 

34 

35 

35 

Gastrocnemius 

36 

36 

Soleus 

37 

37 

Plantaris 

38 

38 

Popliteus 

39 

39 

Tibialis  posterior 

40 

40 

Flexor  digitorum  longus 

41 

41 

Flexor  hallucis  longus 

42 

42 

Quadratus  plantae 

43 

43 

Abductor  digiti  quinti 

44 

44 

Flexor  digiti  quinti  brevis 

45 

45 

Opponens  digiti   quinti 

46 

46 

Plantar  interosseus  1 

47 

47 

Plantar  interosseus  2 

48 

48 

Plantar  interosseus  3 

49 

49 

Dorsal  interosseus  I 

50 

50 

Dorsal  interosseus  2 

51 

51 

Dorsal  interosseus  3 

52 

52 

Dorsal  interosseus  4 

53 

53 

Adductor  hallucis 

54 

54 

Lumbricalis  1 

55 

55 

Lumbricalis  2 

56 

56 

Lumbricalis  3 

57 

57 

Lumbricalis  4 

58 

58 

Abductor   hallucis 

59 

59 

Flexor  digitorum  brevis 

60 

60 

Flexor  hallucis  brevis 

•  Supplied  by  both  dorsal  and  ventral  nerves. 
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used  for  analysis.  It  required  three  and  one-fifth  seconds  to  walk  from  X 
to  Z  and  about  one  second  to  walk  one  pace.  By  a  stroke  of  good  luck 
the  picture  showing  one  leg  in  support  and  the  other  in  maximum  flexion 
(No.  25)  was  but  one  from  Y,  that  is,  almost  directly  in  front  of  the 
camera  (Figs.  4  and  5).  The  degree  of  rotation  of  the  body  appearing 
at  X  and  Z  is  shown  in  Figure  6.    This  may  be  compared  to  Figure  5. 

TABLE    5. — Division    of    the    AIuscles    of    the    Axis    into    Dorsal 
AND  Ventral  Groups 


Muscles  of  the  Back: 

Serratus  posterior  superior 

Serratus  posterior  inferior 

Splenius    

Sacrospinalis   

Iliocostalis    

I.ongissimus    

Spinalis  dorsi   

Semispinalis     

Multifldus     

Obliquus  capitis   inferior 

Obliquus  capitis  superior 

Rectus  capitis  posterior  major 

Rectus  capitis  posterior  minor 

Rotatores    

Interspinales    

Intertransversarii     

Trapezius    

Muscles  of  the  Xetk: 

Scalenus    anterior    

Scalenus    medius    

Scalenus    posterior    

Longus  capitis  

Rectus   capitis   anterior   

Longus  colli    

Rectus  capitis  lateralis   

Sterno-kleido-mastoid    

Muscles  of  the  Thorax: 

Intercostales    

Levatores  costarum   

Subcostales    

Transversus  thoracis   

Muscles   of   the   Abdominal   Wall: 

Obliquus  externus   abdominis 

Obliquus  internus  abdominis 

Cremaster  

TransversTis    abdominis    

Pyramidalis  abdominis  

Rectus   abdominis    

Quadratus  lumborum   

Muscles  of  the  Perineum: 

Sphincter  ani  externus 

Corrugator  cutis  ani 

Transversus  perinei   superflcialis. . 

Bulbocavernosus   

Isehiocavernosus   

Sphincter  urethrae  membranaceae 

Transversus  perinei  profundus... 
Muscles  of  the  Pelvis: 

Levator  ani  

Coecygeus   


Ventral 


Except  for  careful  mathematical  analysis,  this  rotation  is  not  important, 
though  in  all  analyses  it  should  be  regarded  as  a  source  of  error  in 
drawing  conclusions.  Before  taking  the  pictures  it  was  determined 
that  the  dift'erence  between  having  the  subject  walk  part  of  the  circum- 
ference of  a  circle  indicated  by  X,  W,  Z  (Fig.  4),  and  walking  a  straight 
line,  X,  Y,  Z.  was  so  slight  as  to  make  its  carrying  out  unimportant. 
This  difference,  the  distance  from  Y  to  W,  is  onlv  a  foot  and  a  half. 
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A  series  of  cinematographic  pictures  was  projected  one  after  another 
on  a  wall  at  a  distance  of  12  feet.  The  images  produced  were  19 
inches  high.  The  method  of  determining  the  successive  movements  or 
changes  in  the  angular  relations  of  the  thigh  and  torso,  or  of  the  knee 
and  the  thigh,  was  to  trace  a  series  of  pictures  with,  in  the  first  instance, 
the  torso  of  each  successive  picture  superimposed  on  the  preceding 
one.  The  thigh  movements  are  thus  made  out  (Figs.  7  and  8).  In 
tracing  the   thigh-knee   relations,   the   thigh   was   taken   as  a   constant 


K=  KNEE 
H=HIP 
E=  ELBOW 


Fig.  4. — Diagram  representing  the  distance  relations  of  the  patient  to  the 
camera.  The  patient  walked  a  straight  line  from  X  to  Z.  The  small  numbers 
between  X  and  Z  each  represent  a  picture.  For  further  explanation  see  text, 
section  III. 


(Figs.  9  and  10).  The  elhow  movements  were  determined  by  the  same 
method  (Fig.  11).  Because  of  rotation,  the  shoulder  movements  cannot 
be  illustrated  easily  and  have  been  omitted.  Certain  precautions  must 
be  taken  in  such  successive  tracings  in  which  changes  in  the  positions 
of  muscles  cause  changes  in  contour.  The  difference  in  the  lower 
posterior  thigh  line,  caused  by  changing  positions  of  the  hamstrings, 
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is  illustrated  in  Figure  12,  in  that  A  shows  the  contour  in  flexion  at 
the  knee,  B  the  contour  in  extension  at  the  knee.  In  all  drawings  the 
anterior  thigh  line  was  used  as  the  standard. 

The  horizontal  has  been  inserted  in  all  the  pictures  of  the  torso- 
thigh  series.  In  the  thigh-knee  series  the  horizontal  for  the  first  tracing 
of  each  series  has  been  inserted.  A  vertical  line  through  the  central 
position  between  ventral  and  dorsal  and  at  right  angles  to  the  floor 
line  was  put  into  the  torso-thigh  cuts  to  indicate  tilting  of  the  torso 
and  the  relative  change  of  the  center  of  gravity  in  these  positions. 

It  is  obvious  that  a  complete  pace  must  be  taken  for  analysis.  It 
so  happened   that   seventeen   pictures  were   needed  to  show  this.     If, 


Fig.  5. — This  tracing  shows  the  left  leg,  A,  in  the  maximum  position  of  the 
flexion  reflex  and  the  right  leg,  B,  in  the  maximum  position  of  support.  These 
constitute  the  third  and  fourth  phases  of  walking.  The  actual  picture,  as  well  as 
the  positions,  are  mathematically  midway  hetween  those  shown  in  Figures  13  and 
14.  The  thighs  are  seen  to  be  in  alinenient  with  one  another.  Flexion  at  the 
knee  of  the  right  leg,  B,  is  apparent. 


therefore,  the  first  and  seventeenth  are  the  same,  the  ninth  is  the  middle 
picture  and  must  represent  a  stage  midway  between,  and  one  in  which 
the  legs  are  in  mirrored  positions  of  those  in  the  first  and  seventeenth. 
Furthermore,  it  would  be  expected  that  midway  between  the  first  and 
ninth  and  the  ninth  and  seventeenth  there  would  occur  the  maximum 
position  of  flexion  reflex  in  one  leg  and  a  maximum  position  of  support 
in  the  other.     The  analysis  bore  this  out.  and  the  fifth  and  thirteenth 
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represented  these.  To  check  this,  they  were  compared.  The  arm  posi- 
tions were  also  used  to  determine  the  accuracy  of  the  conclusions. 
Wlien  the  arms  are  parallel  to  one  another,  one  leg  is  in  maximum 
support,  B,  and  the  other  in  maximum  flexion,  A  (Fig.  5).  An 
analysis  of  succeeding  pictures  furnishes  a  check  to  the  selection  of 
the  various  stages  of  the  pace,  irrespective  of  any  suppositions  on 
purely  mathematical  grounds.  Still  another  method  of  determining 
by  analysis  of  the  knee  movements  that  the  fifth  and  thirteenth  are 
indeed  maximum  positions  of  flexion  reflex  and  support  will  be  illus- 
trated below.  The  actual  pictures  used  were  numbers  21  to  37  for  the 
hip,  shoulder  and  elbow  and  numl:)ers  17  to  33  for  the  knee.    A  slightly 


No  35 


No.  17 


Fig.  6. — Rotation  produced  in  a  paroramic  series  of  pictures,  due  to  the 
patient's  walking  in  a  straight  line.  To  avoid  this  rotation  the  patient  should 
walk  along  the  arc  of  a  circle  (Fig.  4,  X,  IV,  Z). 


different  series  was  taken  for  the  knee  in  order  to  emphasize  the 
difference  in  the  extent  of  oscillation  during  the  posture  and  flexion 
phases. 

IV.     MOVEMENTS     DURING     WALKING 

For  the  purposes  of  the  present  analysis  of  the  activity  of  the  legs 
in  walking,  the  assumption  has  been  made  that  it  is  composed  of  four 
simple  activities,  namely:  (1)  the  ventral,  finlike  movement  of  the  lower 
limbs  at  the  hip;  (2)  the  dorsal,  finlike  movement  of  the  lower  limbs 
at  the  hip;  (3)  the  flexion  reflex  element,  and  (4)  the  support  element. 
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Finlikc  Movement  at  the  Hip. — For  the  moment  let  us  omit  the 
last  two  elements.  If  the  assumption  concerning  these  four  activities 
be  true,  one  may  expect  that  in  the  process  of  walking  the  leg  under- 
goes a  pendulum-like  action  from  the  points  of  attachment  of  the  leg 
at  the  transervse  plane  of  the  hip.  Such  an  action  was  postulated  in 
1836  by  the  brothers  Weber,  though  they  attributed  this  activity  not 
to  muscular  but  to  gravity  effects.  Both  Vierordt  and  Duchenne  of 
Boulogne  have  considered  that  this  activity  is  a  part  of  the  process  of 
walking,  carried  out  not  by  gravity,  but  by  muscles.  In  an  analysis 
of  a  complete  pace  of  a  normal  person  by  means  of  tracings  of  succes- 
sive cinematographic  pictures,  it  has  been  found  that  in  the  process 
of  walking  the  movement  at  the  hip  is  continuous  (Figs.  7  and  8). 


Fig.  7. — Consecutive  tracings  of  the  movement  of  the  thigh  in  its  progress 
from  the  ventral  to  the  dorsal  position.     Compare  with  Figure  8. 


It  is  well  recognized  now  that  the  singly-hinged  appendages  of  the 
fish  preceded  the  three-jointed  appendages  of  land  vertebrates,  such 
as  amphibia.  The  most  primitive  grouping  of  movements  by  the  spinal 
cord  in  the  process  of  progression  must  have  been  one  which  correlated 
the  activities  of  muscles  much  simpler  than  our  own  which  lay  on 
the  ventral  and  dorsal  aspects  of  the  appendages,  respectively.  It 
seems  obvious  that  the  two  groups  of  muscles  which  carried  the  fins 
in  opposite  directions  must  be  controlled  by  spinal  neurons  permitting 
reciprocal  innervation,  so  that  when  an  agonist  contracts  its  antagonist 
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is  relatively  relaxed.  In  order  to  realize  this  primitive  finlike  move- 
ment of  a  singly  hinged  appendage  in  man,  it  is  necessary  to  regard  the 
human  leg  as  a  rod  and  to  ascertain  whether  there  is  a  stage  in  the 
process  of  walking  at  which  it  assumes  either  a  forward  (dorsal)  or 
backward  (ventral)  position.  It  is  also  necessary  to  determine  whether 
these  positions  occur  at  regular  intervals  and  whether  they  appear 
in  definite  relation  to  the  two  other  elements  of  gait  described  by 
Sherrington  as  the  extensor  and  flexor  phases  (Fig.  1). 

It  has  been  found  that  these  two  ventral  and  dorsal  positions  of 
either  leg  regarded  as  a  rod  do  occur  at  regular  intervals  in  the 
course  of  walking  (Figs.  13  and  14),  and  it  is  found,  furthermore,  that 


Fig.  8. — Consecutive  tracings  of  the  movement   of  the   tliigh   in   its  progress 
from  the  dorsal  to  the  ventral  position.     Compare  with  Figure  7. 


midway  between  the  appearance  of  the  ventral  and  dorsal  positions  the 
flexion  reflex  element  occurs,  while  the  support  element  occurs  midway 
between  the  appearance  of  the  dorsal  and  ventral  positions.  It  seems 
apparent,  therefore,  that  in  the  process  of  walking  the  two  primitive 
finlike  movements  at  the  hips  can  be  made  out  with  ease.  That  they 
occur  rhythmically,  that  they  are  diphasic,  continuous  and  represent 
alternating  movements  of  the  dorsal  and  ventral  groups  of  hip  muscles 
is  illustrated  by  Figures  7  and  8.  The  rodlike  positions  are  seen  only 
at  two  stages  of  gait  and  are  concealed  at  all  other  stages,  due  to  the 
addition  of  the  support  and  flexion  elements. 
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TJie  Flexion  Reflex  Element. — Since  these  movements  which  have 
just  been  described  are  necessarily  more  primitive  than  those  of  the 
three-jointed  hmbs  of  the  land  animal,  it  is  assumed  that  the  elements 
in  walking  developed  by  the  land  animal  are  considerably  more  com- 
plex and  do  not  represent  simple  pendulum-like  activities.  As  a 
matter  of  fact,  the  flexion  reflex  element  represents  an  alternation  of 
movement  at  the  three  great  joints.  This  is  beautifully  demonstrated 
by  an  examination  of  the  muscles  given  by  Sherrington  *  in  his  paper, 
"Remarks  on  the  Reflex  Mechanism  of  the  Step,"  as  those  causing 
the  extensor  and  flexor  phases  of  gait.  What  Sherrington  called  the 
flexion  phase  of  reflex  stepping  corresponds  precisely  to  the  third  ele- 
ment of  gait  in  this  analysis.  Figure  1  and  Table  1,  taken  from 
Sherrington's  paper,  illustrate  this.  The  table  of  muscles,  to  which 
there  has  been  added  the  words  "ventral"  and  "dorsal,"  indicates  the 
alternation  of  movement — dorsal  at  the  hip,  ventral  at  the  knee  and 
dorsal  at  the  ankle. 

TJic  Support  Element. — The  extensor  phase  which  Sherrington 
described  shows  precisely  the  opposite  picture.  That  omission  of  the 
neuromuscular  mechanism  may  lead  to  an  attempt  physiologically  to 
group  movements  obviously  not  susceptible  to  such  grouping  is  by  now 
apparent.  Two  examples  of  such  an  attempt  appear  in  Walshe's  ^  paper 
on  "The  Physiological  Significance  of  the  Reflex  Phenomena  in  Spastic 
Paralysis  of  the  Lower  Limbs."    He  says : 

I  have  said  above  that  all  the  flexors  of  the  limb  are  activated  in  the  flexion 
reflex.  These  include  hip  and  knee  flexors  and  the  dorsiflexors  of  the  ankle 
and  digits.  Now,  of  these,  the  dorsiflexors,  in  anatomical  nomenclature,  are 
named  extensors.  There  can  be  no  doubt,  however,  that  these  muscles  must 
be  grouped  physiologically  with  the  flexors.  ...  In  view  of  the  fact  that  the 
"extensor  response"  is  a  part  of  a  general  movement  of  flexion  while  the  toe 
movement  in  the  normal  plantar  response,  the  "flexor  response,"  is,  physiologi- 
cally considered,  a  movement  of  extension,  it  is  unfortunate  that  the  accepted 
terminology  is  the  direct  converse  of  the  facts.  The  expressions  "extensor 
response"  and  "flexor  response"  are  widely  used  by  neurologists  in  this  country, 
and  I  have  therefore  been  compelled  to  make  use  of  them,  though  it  is  very 
difficult  to  prevent  confusion  in  the  mind  of  the  reader  when  speaking  of  a 
"crossed  extension  reflex"  and  of  a  "crossed  extensor  response";  two  very 
different  phenomena  involving  antagonistic  groups  of  muscles.  I  wish,  therefore, 
to  emphasize  that  these  empirical  and  misleading  names  are  used  here  in  their 
accepted  sense,  and  have  no  physiological  connotation  such  as  the  terms  "flexion 
reflex"  and  "crossed  extension  reflex"  have.  I  have  consequently  placed  them 
in  inverted   commas  to  avoid  as  far  as  possible  all  confusion. 


4.  Sherrington,   C.    S. :     Remarks    on    the   Reflex    Mechanism    of    the    Step, 
Brain  33:22,   1910-1911. 

5.  Walshe,   F.  M.   R. :    The  Physiological   Significance  of  the   Reflex   Phe- 
nomena in  Spastic  Paralysis  of  the  Lower  Limbs,  Brain  37:269,  1914-1915. 
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V 


Figure  9 


V: 


Figure  10 

Figs.  9  and  10. — These  illustrate  the  tetraphasic  character  of  the  knee  move- 
ments. A  and  D  constitute  the  diphasic  posture  element,  B  and  C  the  diphasic 
flexion  element.  Only  four  tracings  are  shown  in  D  as  the  next  picture  showed  a 
position  in  the  knee  slightly  in  advance  of  its  predecessor.  This  indicates  a 
slight  difference  in  the  speed  of  walking  or  in  the  speed  of  taking  the  pictures. 
As  a  result  only  four  pictures  instead  of  five  are  needed  to  represent  the  last 
phase  of  posture  in  this  particular  pace.  A,  second  phase  of  the  support 
element;  B,  first  phase  of  the  flexion  element;  C,  second  phase  of  the  flexion 
element;  D,  first  phase  of  the  support  element. 


ISTERPRETATIOX     OF     WALKING 


307 


Compare  this  statement  with  the  data  of  Figures   1  and  Table   1. 

This  illustrates  how  misleading  and  confusing  grouping  of  muscle 
movements,  as  such  and  as  they  appear  in  certain  reflexes,  may  become. 
The  following  quotation  from  Mackenzie  ^  gives  a  different  and 
sounder  point  of  view,  but  one  which  leads  to  confusion  when  applied 
to  Wal she's  terms. 

The  front  of  the  leg  and  dorsum  of  the  foot  belong  morphologically  to  the 
general  extensor  surface  of  the  limb,  corresponding  with  the  back  of  the  forearm 
and  the  dorsum  of  the  hand.  The  back  of  the  leg  and  sole  of  the  foot 
correspond  with  the  front  of  the  forearm  and  palm  of  the  hand,  so  that 
what  we  call  flexion  is  really  overextension.  It  is  usual,  however,  and  it  will 
be  followed  here,  to  use  the  term  flexion  for  the  movement  by  which  the 
dorsum  of  the  foot  is  bent  toward  the  front  of  the  leg;  the  extension  for  the 
movement  by  which  the  sole  of  the  foot  is  directed  toward  the  back  of  the  leg. 


Fig.  11. — This  picture  illustrates  the  movements  at  the  elbow  as  shown  by  tlie 
arrows. 

Numerous  other  similar  quotations  could  be  given. 

Movements  of  the  Knee. — If  a  series  of  tracings  of  moving  pictures 
is  analyzed  as  far  as  movements  of  the  knee  are  concerned,  it  is  found 
that  at  the  stage  when  the  hip  has  ceased  its  backward  or  ventral 
movement,  the  knee  is  in  direct  alinement  with  it  (Fig.  13).  In  the  next 
tracing  the  hip  starts  to  move  forward  or  dorsally,  while  the  knee 
starts  to  move  backward  or  ventrally.  This  illustrates  two  points: 
1.  The  ventral  position  of  the  leg,  as  has  been  previously  contended, 
is  one  which  leaves  entirely  out  of  consideration  the  knee  and  ankle 
and  controls  the  leg  as  a  rod.  2.  Superimposed  on  this  is  the  flexion 
phase  which  begins  with  the  process  of  carrying  the  leg  forward- — 
dorsally.     When  the  ventral  movements  of  the  hip  have  ceased,  that 


6.  Mackenzie,  W.  C. :    The  Action  of  Muscles,  New  York,  Paul  B.  Hoeber, 
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is.  when  the  hip  starts  to  move  forward,  or  dorsad,  if  the  movements 
at  the  knee  are  successively  traced,  it  is  found  that  the  flexion  reflex 
is  at  its  maximum  at  a  point  of  time  midway  between  the  assumption 
at  the  hip  of  the  ventral  and  dorsal  positions,  as  would  be  expected 
(Figs.  9  B  and  10  C).  As  this  point  of  maximum  flexion  reflex  state  is 
passed,  the  knee  begins  to  extend  until,  in  the  dorsal  position,  it  is  again 
in  alinement  with  the  hip,  producing  a  rodlike  appearance  (Fig.  10  C). 
When  the  successive  stages  between  the  forward  (dorsad)  and  the 
backward  (vcntrad)  positions  are  traced  (Figs.  10  D  and  9  A),  that 
is,  passing  from  dorsal  through  support  into  ventral,  it  is  found  that 
there  is  a  little  flexion  at  the  knee  at  a  point  midway  between  the 
dorsal  and  ventral  positions  and  corresponding  to  the  maximum  flexion 


B 

Fig.  12. — Tills  illustrates  the  change  in  the  location  of  the  poslerigr  thigli  line, 
owing  to  contraction  of  the  iiamstring  group  of  muscles,  A,  and  indicates  that 
the  anterior  thigh  line  must  be  used  as  a  constant  in  comparing  successive  trac- 
ings of  the  thigh.  A  shows  the  contour  in  flexion  at  the  knee ;  B,  the  contour 
in  extension  at  the  knee. 

in  the  other  half  of  the  pace.  In  the  sequence  ventrad-dorsad  it  is 
also  found  that  the  hip  of  the  leg  of  support  is  directly  opposite  the 
hip  of  the  leg  of  progression  (Fig.  5).    Thus  it  appears  that : 

1.  The  movement  at  the  hip  is  diphasic  and  passes  from  the  ventral 
to  the  dorsal  position  with  almost  pendulum-like  regularity  (Figs.  7 
and  8). 

2.  The  movements  of  the  knee  are  tetraphasic.  Two  knee  phases 
occur  during  each  hip  phase   (Figs.  9  and  10). 

3.  The  knee  phases  occurring  during  the  passage  of  the  hip  from 
ventral  to  dorsal    (Figs.  9  B  and   10  C)   showed  an  excursion  about 
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twice  as  great  as  those  occurring  during  the  passage  of  the  hip  from 
dorsal  to  ventral  (Figs.  10  D  and  9  A). 

4.  On  account  of  its  anatomic  make-up,  though  the  actual  move- 
ments carry  the  foreleg  dorsad,  the  knee  never  goes  into  a  truly  dorsal 
position. 

Flexion  of  the  Knee  in  the  Position  of  Support. — Furthermore,  an 
unexpected  finding  has  been  noted,  namely,  that  the  knee  is  slightly 
flexed  at  the  phase  of  maximum  support  (Figs.  5,  9  A  and  10  D), 
corresponding  to  the  flexion  phase  in  the  other  leg  and  to  a  phase 
midway  between  the  dorsal  and  ventral  hip  positions.  If  the  particular 
tracing  in  which  this  is  found  is  examined,  it  is  noted  that  there  is 
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Fig.  13.— This  illustrates  the  ventral  position  (left  leg)  and  the  dorsal  posi- 
tion (right  leg)— the  first  two  elements  of  walking.  Compare  with  Figures 
5  and  14. 


forward  tilting  of  the  torso,  that  is,  that  the  center  of  gravity  is  not 
the  same  as  in  standing  but  is  thrown  slightly  forward  (Figs.  7  and  8), 
This  slight  flexion  at  the  knee  in  the  stage  of  support  appears  to  be 
an  adaptation  to  the  forward  placing  of  the  center  of  gravity.  As 
expected,  in  running,  when  the  center  of  the  gravity  is  still  further 
forward,  flexion  of  the  knee  in  the  phase  of  support  was  observed 
to  be  still  greater.  The  oscillations  of  the  knee  into  this  slight  stage 
of  flexion  (Fig.  \0  D)  and  out  of  it  (Fig.  9  A)  are  very  much  smaller 
than  those  which  occur  in  the  flexion  phase  while  passing  from  the 
ventral  to  the  dorsal  positions  (Figs.  9  B  and  10  C). 


310 


JV  ALTER    M.    KRAUS 


In  the  analysis  of  reflex  stepping  by  Sherrington,  previously  alluded 
to,  it  was  stated  that  in  the  "extensor"  or  antigravity  phase  (support), 
the  knee  was  extended.  In  normal  standing,  this  is  the  case.  However, 
in  the  process  of  moving  forward  the  pushing  forward  of  the  center 
of  gravity  somewhat  negates  this  standing  position.  The  importance 
of  this  in  analyzing  the  condition  known  as  decerebrate  rigidity  or  anti- 
gravity  posture,  whether  produced  experimentally  in  animals  or  as  a 
result  of  disease  in  man,  is  considerable ;  for,  whereas  the  position 
of  the  legs  in  standing  represents  that  reflex  which  Sherrington  calls 
"the  static  of  erect  posture,"  the  positions  in  walking  and  running 
represent   the   static   posture   plus   a   reaction  to   the    forward    placing 


No.2.^ 


Fig.  14. — This  illustrates  the  ventral  position  (right  leg)  and  the  dorsal 
position  (left  leg) — the  first  two  elements  of  walking.  Compare  with  Figures 
5  and  13. 


of  the  center  of  gravity.  The  importance  in  accounting  for  the  flexion 
of  the  knees  in  the  posture  of  parkinsonian  syndromes  has  been  alluded 
to  in  another  article  on  that  subject.'  The  importance  of  this  point 
in  relating  postural  defects  of  hemiplegia,  pseudobulbar  paralysis  and 
the  parkinsonian  syndromes  will  be  discussed  at  length  another  time. 
However,  here  it  may  be  remarked  that  the  unilateral  defect  of  the 
person   with   hemiplegia   represents   involvement   of   the   appendicular 


7.  Kraus,  Walter  M. :  An  Interpretation  of  tlie  Posture  of  Parkinsonian 
Syndromes  in  Terms  of  the  Neuromuscular  Mechanism,  New  York  State  J. 
M.  22:9,  1922. 
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muscles  only.  No  change  of  the  torso  in  relation  to  the  center  of 
gravity  occurs  since  the  axial  muscles  having  to  do  with  this  are  not 
affected.  When,  however,  bilateral  involvement  occurs,  as  in  the 
parkinsonian  syndrome  and  pseudobulbar  palsy,  the  axial  muscles  are 
affected  and  the  torso  bends  forward.  As  a  consequence  and  as  a  reac- 
tion to  the  forward  placing  of  the  center  of  gravity,  flexion  at  the 
knee  analogous  to  that  seen  in  the  phase  of  support  in  walking  appears. 
That  group  of  neurons  or  integrations  of  the  nervous  system  which 
maintains  erect  posture  is  apparently  affected.  The  position  of  the  leg 
in  these  three  conditions  is  therefore  primarily  the  same.  Secondarily, 
flexion  at  the  knee  occurs  in  bilateral  parkinsonian  and  pseudo-bulbar 
syndromes,  due  to  the  bilateral  involvement. 

DORSAL 
S       B       F 


VENTRAL 

Fig.  15.— Graphic  representation  of  the  movements  at  the  hip,  shoulder,  knee 
and  elbow  on  one  side  of  the  body  during  a  pace  of  a  normal  man.  A,  B,  C, 
shoulder  and  hip.  The  movement  begins  at  the  ventral  position,  goes  to  the 
dorsal  position  and  returns — diphasic;  D,  E,  I,  flexion  phase  at  the  knee — 
diphasic;  /,  G.  H,  support  phase  at  the  knee — about  one-half  the  extent  of 
D,  E,  I — diphasic.  Note  that  these  movements  are  all  from  a  neutral  position 
midway  between  ventral  and  dorsal,  into  a  ventral  position  and  out  of  a  ventral 
position,  back  only  to  a  neutral  position  midway  between  ventral  and  dorsal. 
The  knee  movement  in  a  complete  pace  is  tetraphasic.  A,  I,  G,  C,  flexion 
movement  at  the  elbow— diphasic.  This  shows  the  same  limitations  to  the 
ventral  field  as  D,  E,  I  and  /,  G,  H,  the  knee  movements.  The  hip  and  shoulder 
movements  are  represented  by  one  line,  indicating  that  though  apparently  oppo- 
site in  direction  they  are  really,  from  a  neuromuscular  point  of  view,  identical. 
F,  maximum    flexion ;   S,  maximum   support. 


The   position    of    the   arm   in   the    parkinsonian    syndrome    and   in 
pseudobulbar  palsy  may  easily  be  shown  to  be,  from  the  neuromuscular 
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point  of  view,  the  same  as  that  of  typical  contracture  in  liemiplegia. 
This  may  be  demonstrated  by  assuming  the  position  of  the  arm  in  the 
parkinsonian  syndrome  and  tlien  successively  contracting  all  those 
muscles  which  have  produced  this  position,  namely,  the  ventral  group. 

From  this  it  may  be  seen  that  the  entire  hemiplegic  position,  from 
the  point  of  view  of  posture  or  attitude,  represents  half  of  the  position 
of  the  parkinsonian  syndrome  and  pseudobulbar  palsy,  minus  the 
reaction  at  the  knee,  which,  in  these  latter  diseases,  is  due  to  the 
forward  placing  of  the  center  of  gravity. 

Identity  of  Homolateral  Movements  of  the  Ann  and  Leg. — In  the 
earlier  parts  of  this  paper  it  was  indicated  that  by  means  of  the  present 
method  of  interpretation  of  movements  by  the  neuromuscular  mech- 
anism, it  can  be  shown  that  the  homolateral  movement  of  the  arm  and 
leg  represents  the  activity  of  the  corresponding  groups  of  muscles. 
Reference  to  the  table  will  show  that  the  leg  is  carried  backward  at 
the  hip  by  a  ventral  group  of  muscles.  Duchenne  **  has  shown  that 
the  gluteus  maximus  does  not  participate  in  either  walking  on  the  level 
or  standing.  This  old  observation,  which  I  have  been  able  to  confirm, 
forms  a  final  proof  that  the  backward  movement  or  extension  at  the 
hip  in  walking,  is  entirely  ventral. 

The  forward  movement  of  the  arm  is  carried  out  by  the  pectoral 
muscles,  also  a  ventral  group.  Thus  it  is  seen  that  when  the  leg 
is  carried  backward  and  the  arm  carried  forward  both  movements  are 
brought  about  by  ventral  muscles.  When,  on  the  other  hand,  the  leg 
is  carried  forward  and  the  arm  backward,  both  movements  are  carried 
out  by  dorsal  muscles   (Figs.  13  and  14). 

At  the  elbow  there  is  a  ventral  and  a  dorsal  swing  which  coincides 
with  the  ventral  and  dorsal  swing  at  the  shoulder.  The  movements 
are  diphasic  (Fig.  11)  unlike  those  of  the  knee,  which  are  tetraphasic 
(Figs.  9  and  10).  The  shoulder  movements  are  diphasic  like  those 
at  the  hip. 

Figure  15  represents  the  most  important  observations  of  this  article 
in  graphic  form. 

v.     SUMMARY 

Analysis  of  the  pliases  of  normal  human  walking,  in  the  light  of 
knowledge  of  the  embryology  of  muscles,  their  grouping  and  nerve 
supply,  has  shown  that  the  customary  interpretation  based  on  ordinary 
observation  of  muscle  actions  is,  in  many  respects,  incomplete  and 
incorrect. 

The  homolateral  arm  and  leg,  though  apparently  moving  in  opposite 
directions,  are  moved  by  the  same  group  of  muscles,  ventral  or  dorsal. 


8.  Duchenne,   G.   B. :     Physiologic  des   Mouveinents,   Paris,   1867. 
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From  the  point  of  view  of  control  by  the  nervous  system,  these 
apparently  opposite  movements  are  identical. 

The  phases  of  gait  are  four:  (1)  the  ventral  hnlike  movement  of 
the  lower  limbs  at  the  hip,  (2)  the  dorsal  finlike  movement  of  the 
lower  limbs  at  the  hip,  (3)  the  flexion  reflex  element,  and  (4)  the 
support  element. 

The  sequence  of  these  is  rhythmic.  The  order  of  sequence  is 
1,  3,  2,  4 — 1,  3,  2,  4,  etc.  The  first  two  (1  and  2)  represent  activity 
of  singly  hinged  appendages.  The  second  two  (3  and  4)  represent 
activity  of  three-hinged  appendages.  The  first  two  and  the  second  two 
each  constitute  a  pair  of  corresponding  opposites.  The  two  elements 
of  the  second  pair  correspond  to  the  flexor  (3)  and  the  extensor 
phases   (4)  of  reflex  stepping  as  described  by  Sherrington. 

In  the  first  two  the  leg  acts  like  a  rod,  leaving  out  of  consideration 
the  two  large  joints  at  the  knee  and  ankle.  The  muscular  activity  of 
the  ventral  phase  is  obviously  antagonistic  and  opposite  to  that  of  the 
dorsal.  The  alternating  muscular  activity  at  the  three  great  joints  of 
the  flexion  reflex  phase  is  also  opposite  to  that  of  the  support  phase. 

Analysis  of  the  hip  movements  shows  them  to  be  diphasic.  The 
shoulder  and  elbow  show  the  same  diphasic  activity  as  the  hip.  Anal- 
ysis of  the  knee  movements  shows  them  to  be  tetraphasic.  Two 
phases  occur  during  each  hip  phase.  The  two  hip  phases  are  from  the 
ventral  to  the  dorsal  position  and  from  the  dorsal  to  the  ventral  posi- 
tion. The  two  knee  phases  constituting  the  flexion  reflex  element  of 
a  pace  occur  in  the  ventral  to  dorsal  hip  phase.  The  two  knee  phases 
constituting  the  support  element  of  a  pace  occur  in  the  dorsal  to  ventral 
hip  phase. 

In  the  flexion  reflex  phase  the  knee  passes  through  an  arc  about 
twice  as  great  as  in  the  support  phase.  At  the  maximum  support 
stage  the  knee  is  slightly  flexed.  This  is  due  to  the  forward  placing 
of  the  center  of  gravity  of  the  body. 

In  the  typical  postural  defect  of  hemiplegia  only  the  appendicular 
muscles  on  one  side  are  involved.  In  the  typical  bilateral  postural 
defect  of  parkinsonian  syndromes  and  pseudobulbar  palsy  the  appen- 
dicular muscles  are  involved  on  both  sides,  as  well  as  the  axial  muscles 
on  both  sides.  The  facts  given  in  regard  to  the  forward  placing  of 
the  center  of  gravity  show  that  the  typical  postural  defect  of  hemi- 
plegia represents  half  of  the  typical  bilateral  postural  defect  of  the 
parkinsonian  syndrome,  and  of  pseudobulbar  palsy,  minus  the  reflex 
to  the  forward  placing  of  the  center  of  gravity. 


PSYCHOPATHOLOGY     AND    ORGANIC     DISEASE 
SMITH     ELY    JELLIFFE,    A.M.,    M.D.,     Ph.D. 

NEW   YORK 

About  ten  years  ago  I  first  brought  to  the  attention  of  this  body 
certain  reflections  bearing  on  a  relationship  between  neural  integrative 
factors  and  what  in  general  was  considered  as  disease.  Having  become 
saturated  with  certain  conceptions  concerning  the  importance  of  feeling 
and  thought  factors  in  human  pathology,  the  translation  of  Dejerine 
and  of  Dubois  were  only  natural  expressions  of  my  growing  beliefs. 

But  it  soon  seemed  apparent  that  the  intellectual  dialectics  of  Dubois 
were  not  quite  fundamental  enough ;  without  a  corresponding  per- 
sonality makeup  behind  them  the  principles  are  insufficient.  Dejerine's 
emphasis  on  the  feeling — the  emotional  factors — went  nearer  to  the 
heart  of  the  problem,  but  here  again  the  emphasis  seemed  one-sided. 
The  old  faculty  psychology,  as  applied  in  therapeutics,  now  dealt  with 
the  intellectual  functions,  now  with  the  emotions,  and  I  even  took  a 
shy  at  the  will  in  my  translation  of  Payot's  "Education  of  the  Will." 
Out  of  all  of  this  we  were  brought  back  to  the  hippocratic  doctrine 
that  the  organism,  as  a  whole,  must  be  the  object  of  search  and 
portal  of  entry  made  where  the  organism,  as  a  whole,  really  lived. 
It  does  not  live  in  the  intellect,  it  does  not  reside  in  the  feelings,  it  is 
not  at  home  in  the  will.  None  of  these  "belong."  And  thus  our  search 
for  a  unity  led  us  into  the  unconscious — that  accumulation  of  life's 
experiences  (engrammes)  which  in  their  zoologic  synthesis  have  been 
accruing  during  about  a  thousand  million  years. 

"What  are  we  in  fact,"  asks  Bergson.  "What  is  our  character,  if 
not  the  condensation  of  the  history  we  have  lived  from  our  birth,  nay, 
even  before  our  birth,  since  we  bring  with  us  prenatal  dispositions? 
Doubtless  we  think  with  only  a  small  part  of  our  past,  but  it 
is  with  our  entire  past,  including  the  original  bent  of  our  soul  that  we 
desire,  will,  and  act.  Our  past,  then,  as  a  whole,  is  made  manifest  to 
us  in  its  impulse ;  it  is  felt  in  the  form  of  tendency,  altliough  only  a 
small  part  of  it  is  known  in  the  form  of  idea." 

Life  may  then  be  expressed,  if  I  may  take  a  ])hrase  from  our  Presi- 
dent's masterly  address,  in  the  form  of  a  fraction  in  which  the  numerator 
may  stand  for  our  conscious  idea  of  things,  and  the  denominator  for 
that  past  of  which  we  have  just  sjioken,  the  unconscious.  Let  me  put  this 
in  the  arithmetical  form  of  a  proportion,  thus:  As  the  numerator — 
from  minute  to  minute:  is  to  the  demoninator — one  tliousand  million 
years  : :  so  is  our  conscious  idea  as  to  what  is  happening  in  life  :  to  the 
unconscious  forces  (phyletic  memory  patterns)  that  really  permit  it 
to  happen. 
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If  this  is  true,  our  really  ever  understanding  anything  looks  hope- 
less. Yet,  with  that  temerity  that  has  ever  characterized  my  efforts 
here,  I  venture  to  bring  to  your  attention,  even  if  summarily,  some 
reflections  that  may  be  of  assistance  in  enlarging  that  numerator,  our 
conscious  control  of  the  hidden  factors  that  bring  about  disease. 

It  is  because  of  my  belief  that  within  the  interests  that  bind  this 
body  into  a  neuropsychiatric  society  there  is  to  be  found  the  most 
hopeful  outlook  for  a  neohippocratic  medicine  that  I  dare  to  do  this. 
It  may  become  possible  thereby  to  understand  some  of  the  activities  of 
the  organism  as  a  whole. 

Permit  me  to  give  a  rough  scheme  of  this  (Fig.  1).  The  organism, 
as  a  whole,  carries  out  its  energic  program  of  capturing,  transforming 
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Fig.   1. — Rough  schematic  representation  of  the  pattern   of  the  organism   as 
a  capturer,  transformer  and  deliverer  of  energy. 

and  delivering  energy.  The  cosmos  is  its  petrol  tank;  the  organs, 
its  structuralized  functional  transformers.  These  are  integrated  and 
coordinated  to  act,  as  a  whole,  through  its  nervous  mechanisms,  vegeta- 
tive, sensorimotor,  symbolic,  to  deliver  itself  in  its  'metabolic  upkeep  and 
its  behavior.     The  goal  is  the  continuance  of  life;  immortality. 


EPOCHAL     PERIODS     THROUGH     WHICH     ORGANISM     PASSES 

Also  permit  me  as  sketchy  a  scheme  as  to  the  major  epochal  periods 
through  which  each  organism  passes,  recapitulating  the  history  of  its 
prenatal  past  as  well  as  its  individual  participation  in  that  experience 
which  has  been  molding  it  throughout  its  geologic  time  period.    That 
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thousand  million  years  of  recapitulation  hurries  by  in  the  nine  months 
of  intrauterine  life. 

Archaic  Period. — Dr.  Tilney's  time  consuming  and  masterly  studies 
of  the  developmental  history  of  the  nervous  system  give  tis  an  oppor- 
tunity to  peer  within  some  of  the  things  which  are  so  rapidly  forming 
in  this  period,  to  which  the  term  archaic  may  be  applied. 

In  the  comparatively  insignificant  period  of  nine  months,  one  thou- 
sand million  years  is  traversed.  From  primordial  ooze  to  man,  in  one 
majestic  sweep,  the  creative  impulse  shows  its  handiwork.  If  one 
wishes  to  call  it  God,  it  is  only  a  matter  of  terminology.  No  name  will 
ever  be  adequate  to  encompass  the  facts.  In  the  short  period  I  have 
for  this  presentation,  I  cannot  commence  to  touch  on  the  implications 
which  surround  the  formulation  here  sketched.  So  far  as  human 
patholog\-  is  concerned,  all  that  I  wish  to  emphasize  at  this  time  is  that 
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Fig.  2. — Rough  scher^tic  representation  of  the  life  plan  pattern  in  its 
phyletic  dynamic  sense,  with  division  of  periods,  archaic,  organic,  narcisistic 
and  social. 

defects  of  development  in  this  period  are  accessible  to  the  newer  psycho- 
pathologic  technics  and  are  integrated  into  the  hypotheses  which  I  would 
present  to  you.  Man  has  retained  his  phyletic  theomorphic  capacities  in 
the  soma.  It  is  here  maintained  that  they  are  capable  of  projection  into 
the  symbolic  sphere  in  the  highest  of  known  animals,  man,  and  if 
recognizable,  may  be  of  fundamental  service  in  the  problems  of 
pathology.  When  our  concepts  become  big  enough  the  material  is  at 
hand  to  be  interpreted. 

Organic  Period. — A  further  glance  at  our  second  diagram  shows  the 
next  ])eriod  of  development  is  the  organic.  By  this  is  meant  that  man, 
having  been  born,  commences  to  use  his  tools.  Individual  experiences 
become  more  striking  and  acute,  and  an  important  period  of  organ 
rivalry  sets  in.  The  need  of  oxygen  brings  distress;  the  reflex  act  is  the 
cry;  this  starts  the  resj)irat()ry  rhythm.     I  need  not  discuss  the  compli- 
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catecl  physiologic  hypotheses.  Here  in  essence  is  to  be  found  the  need- 
oxygen  (physicochemical  level),  the  organic  act,  respiration  (sensori- 
motor level),  and  the  cry  (the  symbolic  level).  Crying  satisfied  a  need; 
it  is  now  used  to  attem])t  to  gratify  all  needs.  But  with  the  act  of 
nutrition,  there  occurs  to  use  the  vernacular,  the  first  "fifty-fifty"  in 
the  child's  life.  It  cannot  "holler  and  swaller"  at  the  same  time.  Choice 
must  be  exercised,  inhiljition  becomes  operative — again  a  full  dis- 
cussion of  the  problems  would  occupy  the  day.  In  fine,  repression  has 
won,  in  part  or  completely,  and  healthy  adaptation  has  taken  place. 
This  rivalry  goes  on  among  all  the  organs  and  has  an  enormously 
intricate  and  subtle  history,  as  will  later  be  discussed  in  our  outline 
of  the  mechanisms  by  which  the  supremacy  of  the  genital  zone  craving 
becomes  established.  Many  problems  of  so-called  constitutional  disease, 
often  thought  of  as  congenital  or  inherited,  may  be  reexamined  to 
advantage    from    this    standpoint    of   libido   rivalry.      The   individual's 
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Fig.    3.— Rough    scheme   of    psychosexual    stage   pattern    in    terms    of   object 
choice  and  in  supremacy  of  genital  zone.  4k-^ 


psychologic  level  mechanism  may  be  of  paramount  importance  in 
determining  structural  alterations  in  this  infantile  period  of  adjustment. 
Here  Pavloff's  general  thesis  of  the  condlUoncd  reflex  is  a  conceptual 
tool  of  great  value  in  comprehending  the  symbolic  identifications.^ 

Narcisistic  Period.— A  third  and  a  fourth  definition  are  to  be 
attached  to  Figure  2.  The  third  period  of  development  posited  is  the 
"narcisistic."  The  individual  has  become  an  integrated  personality.  He 
passes  out  of  the  period  of  "cylinder  adjustments,"  to  his  "place  in  the 
road."  The  inner  machine  now  passes  to  the  conception  of  my  car: 
I,  John  Tones.  His  cravings  are  still  segmented  so  far  as  their  somatic 
activities  are  concerned.  But  they  are  not  so  radically  felt  as  such. 
Narcissus  has  been  born.  Self  love,  reflex  activities  conditioned  on 
the   basis    of    purely   egoistic    strivings,    libido    attachments    to    mirror 


1.  Freud:    Three  Contributions  to  the  Theory  of  Sex,  Nerv.  &  Ment.  Dis. 
Monograph  Series  7. 
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pictures  of  the  self  in  all  of  its  developmental  stages,  these  are  the 
earmarks  of  this  period.  Permit  me  to  emphasize  the  fact  that  I  am 
talking  now  in  terms  of  the  denominator,  of  the  phyletic  memory 
patterns,  not  in  terms  of  the  conscious.  W'e  are  here  interested  in 
learning  what  narcisism  is,  in  the  terms  of  unconscious  attachment, 
and  we  shall  see  later  that  it,  too,  offers  complicated  and  subtle 
dift'erentiations. 

The  Socialised  I )i dividual. — Finally,  man  advances  into  the  territory 
of  a  socialized  individual.  He  has  left  the  self,  and  the  values  of 
social  integration  commence  to  be  those  of  permanent  value.  No 
matter  how  complexly  discussed  may  be  those  values  which  roughly 
speaking  are  here  termed  social,  it  may  be  seen  that  when  the  individual 
is  subjected  to  the  divesting  process  of  the  psychanalytic  technic,  these 
goals  of  his  striving  stand  out  in  naked  relief  to  his  numerator,  his 
consciously  adopted,  usually  quite  flattering,  estimate  of  his  motives. 
It  is  here  that  the  acid  test  of  the  psychanal}-tic  technic  cuts  deep  into 
reality,  and  one  may  see  almost  at  a  glance  the  coordination  between 
the  individual's  various  segmental  strivings  and  the  stage  of  psycho- 
sexual  expression  attained. 

If  life's  chief  goal  is  its  continuation,  then  in  the  phyletic  sense, 
waving  aside  all  the  petty  conscious  notions  of  what  is  meant  by  sex, 
it  may  be  seen  that  the  urge  for  continuance  has  fashioned  itself  into 
every  structure  of  the  body.  And  every  cell  of  living  matter  exists 
only  to  carry  on  the  supreme  work  of  creation.  That  is  its  fate,  if  one 
wishes  so  to  regard  it;  its  promise  as  well. 

Adult,  that  is,  socialized,  psychosexual  evolution,  is,  then,  the  highest 
goal  that  man  can  reach,  and  falling  short  of  this,  his  machine  lags 
behind  either  as  a  receiver,  a  transformer  or  a  deliverer  of  energy. 
Here  again  conscious  rationalizations  as  to  what  constitutes  adult 
psychosexual  evolution  must  be  put  aside  in  an  application  of 
psychopathologic  data  to  the  study  of  disease  and  himian  sultering.  In 
their  time  and  place  such  ethical  systems  have  had  almost  sublime 
values,  but  like  many  a  goodly  apple,  rotten  at  the  core,  the  individuals 
professing  them  may  be  deceiving  both  themselves  as  well  as  others, 
and  the  ethical  systems  themselves  have  been  utilized  in  a  sense  negative 
to  their  fundamental  phyletic  values. 

In  Freud's  masterly  study,  "Three  Contributions  to  the  Theory  of 
Sex,"  we  see  that,  phyletically  speaking,  f)bject  choice  and  supremacy 
of  the  genital  zones  must  be  coordinated  into  a  socialized  sexual 
pattern.  The  object  choice  pattern  has  been  built  up  on  a  hetero- 
sexual foundation  for  millions  of  years;  likewise  the  germ  plasm 
structuralizations  have  demanded  that  they  be  put  to  socially  con- 
structive utilizations,  else  the  individual,  be  it  lowly  plant  or  highly 
evolved  man,  will  be  thrust  aside  in  the  relentless  march  of  progressive. 
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emergent  evolution.  The  psychanal}tic  theory  maintains  that  these 
instinctive  patterns  are  capable  of  analysis  within  the  individual. 
Behaviorism,  as  a  fragment  of  realistic  science,  it  welcomes,  but  it  holds 
that  \h\>  highly  useful  observational  science  can  be  aided  by  intellectual 
tools  through  the  utilizations  of  the  psychanalytic  technic. 

Let  us  turn  to  our  next  diagram,  Figure  4,  and  see,  roughly  outlined, 
what  this  technic  offers  for  the  comprehension  of  the  instinctive 
mechanisms  surrounding  object  choice.  This  has  been  envisaged  by 
Freud  as  the  Oedipus  complex,  or  Oedipus  hypothesis,  by  the  titilization 
of  which  the  unconscious  symbolizations  throw  light  on  the  stage  of 
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Fig.  4. — Crude  diagrammatic  representation  of  the  mechanisms  by  which 
the  adult  psychosexual  object  is  reached  in  terms  of  the  Oedipus  hypothesis. 
The  psychologic  splitting  of  the  motlier-fathcr  image  is   roughly  indicated. 


psychosexual  evolution  of  the  individual  under  consideration.  It  cannot 
be  too  strongly  urged  that  we  are  dealing  with  analytic,  i.  e.,  individual 
problems.  Their  synthetic  aspect,  i.  e.,  the  doctrinal  generalizations, 
must  be  left  outside  for  the  time  being. 

The  diagram  is  sufficiently  explicit,  hut  I  cannot  forego  the  obser- 
vation that  this  diagram  must  be  read  not  in  the  sense  of  a  purely 
conscious  series  of  behavioristic  reactions,  but  as  a  representation 
that  must  be  conceptualized  from  the  standpoint  of  the  denominator, 
that  is,  the  unconscious  in  the  psychanalytic  theory. 
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Almost  all  of  the  misconstruing  comments  on  the  Oedipus  complex 
are  due  to  the  failure  to  comprehend  this.  When  in  chemical  symbols  we 
say  that  5  H2O  -|-  6  CO..  [+  solar  energy  4-  chlorophyl]  =  CoHjoO,.  --1- 
6  Oo ;  that  is,  water  and  carbon  dioxid  in  the  presence  of  solar  energy 
(sunshine)  and  through  the  catalytic  action  of  chlorophyl,  yield  through 
a  series  of  reactions,  starch,  oxygen,  etc.,  the  nonchemically  trained 
observer  is  incapable  of  understanding  this  simple  symbolic  statement 
of  vital  processes  going  on  in  the  chlorophyl-bearing  leaves  of  plants. 
The  Oedipus  symbolic  statement  is  equally  outside  the  ken  of  the  non- 
analytically  practiced  mind.     Hence,  most  of  the   footless  discussions 
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Fig.  5. — Rough  scheme  of  stages  in  development  of  socialized  psychosexual 
aim  pattern.  In  this  diagram  the  linear  form,  as  in  Figures  2  and  3  is  changed. 
The  various  stages  //,  archaic,  organic,  narcisistic  and  social  are  represented 
in  widening  circles  of  res\mbolized  patterns  of  activity  each  showing  the  delivery 
mechanisms  working  at  more  adult  levels.  Displacement  is  also  represented. 
The  socialized  end  products  which  constitute  behavior  in  its  various  aspects 
cannot  be  put  in  the  diagram,  but  they  can  be  readily  conceptualized.  Each 
segment  stands   for  a  segmental  craving  structuralization   (schematic). 


about   the   Oedipus   hypothesis    and   its   implications,    not    the   least   of 
which  was  that  of  Mills  at  our  last  meeting. 

The  rough  diagram  in  Figure  5  attempts  to  indicate  a  com])lcx 
series  of  mechanisms.  If  it  be  conceived  in  a  dynamic  sense,  it  would 
ix>rtray  the  various  physiologic  activities  of  the  human  1)ody.     In  terms  of 
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Figures  1  and  2  tlie>e  are  all  carr\in,u,"  nn  (a)  the  function  of  self  preser- 
vation (metabolism)  and  of  {b)  race  perpetuation  (social  behavior)  in 
its  various  aspects.  It  has  already  been  indicated  how  the  displace- 
ment mechanism  under  inhibition,  or  repression,  can  push  energy  into 
this  or  that  channel.  Whh  advancing  development  the  simple  manifesta- 
tions of  the  delivery  systems  become  more  and  more  complex,  pre- 
paring the  organs,  the  Narcissus,  and  finally  the  socialized  adult  to 
deliver  his  energy  at  more  fully  integrated  and  coordinated  ethically 
valuable  levels.  Thus,  out  at  the  periphery  of  this  diagram  can  be 
shown  how  energy  deliverable  through  an  organic  satisfaction  at  a 
more  primitive  level  may  be  displaced  to  another  area  and  then 
resymbolized  and  gain  satisfactory,  and  hence  health  giving,  expression 
through  another  group  of  organs,  at  a  higher,  that  is,  a  more  socialized 
level.  When,  so  to  speak,  it  is  said,  "One  whistles  to  keep  up  his 
courage,"  the  craving  to  run  away,  by  means  of  the  leg  muscles,  is 
satisfied  through  the  whistling.  This  simple  illustration  may  be  ampli- 
fied a  thousand  fold,  and  the  Freudian  mechanisms  of  condensation, 
secondary  elaboration,  displacement,  conversion,  substitution,  projection, 
etc.,  are  keenly  thought  out  formulas  through  which  the  dynamically 
thinking  observer  can  come  to  understand  human  behavior,  either  at  its 
metabolic,  its  sensorimotor  or  its  symbolic  level.  The  organism  works 
as  a  whole.  Physics  and  chemistry,  sensation  and  motion,  thinking  and 
feeling,  are  all  operating  parts.  Should  we  seek  to  grasp  the  largest 
of  the  integrating  formulas,  that  is,  a  true  integral  calcuhis  applicable 
to  human  behavior,  symbolically  expressed,  such  calculus  formulas, 
differential  as  well  as  integral,  it  is  here  submitted,  can  be  partially 
glimpsed  in  the  schemes  here  sketched,  when  viewed  more  from  the 
denominator  standpoint,  quadmillions  to  one,  by  means  of  the  psych- 
analytic  technic. 

REPORT     OF     A     CASE 

I  shall  present  my  case  in  tabloid  form.  I  present  the  l)are  outline 
of  a  case  (Fig.  6),  which,  permit  me  to  elaborate  somewhat. 

In  1914,  an  old  friend  came  to  my  office  and  dramatically  said, 
"For  God's  sake,  save  my  wife !  The  doctors  have  given  her  six  months 
to  live,  and  I  am  out  of  my  mind."  In  response  to  my  questions  he 
said  "She  had  kidney  trotible.  a  blood  pressure  of  240!  and  accor.ling 
to  the  doctors,  unless  she  dieted,  went  to  bed.  did  this  and  did  not  do 
that,  she  would  die  in  six  months." 

I  assured  him  that  it  could  not  be  as  bad  as  he  said.  He  was 
upset  and  his  fears  had  magnified  what  had  Ijeen  told  him.  I  said  that 
I  was  sorry  but  did  not  specialize  in  kidney  disease,  etc.  His  attendant 
and  consultant  physicians  were  the  best  in  the  city ;  in  fact,  they  had 
national  repute  and  could  he  relied  on.     I  knew  his  wife  was  of  a  very 
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active  type,  but  I  said  it  would  be  better  for  her  if  she  slowed  down 
a  bit  and  possibly  gave  up  her  plan  of  stumping  the  state  for  woman's 
suffrage,  or  what  not. 

He  insisted  on  my  doing  something.  So  I  told  him  I  would  send 
her  to  one  of  the  city's  best  hospitals,  to  one  of  the  best  internists,  and 
get  as  complete  a  balance  sheet  of  her  condition  as  I  could  get,  and 
then,  as  he  was  an  engineer,  I  would  translate,  as  best  I  could,  the 
Greek  and  Latin  terminology  of  the  medical  lingo,  into  mechanical 
terms  with  which  he  was  familiar. 

So  I  did.  She  was  examined  by  all  the  methods  known  to  internists' 
lore  of  the  time.  She  was  under  observation  for  two  or  three  weeks. 
The  problems  involved  were,  clinically  speaking,  quite  banal.  There 
was  a  cardiovascular-renal  syndrome  known  to  all  medical  men,  and 
hypertension  of  from  220  to  240  mm.  systolic  pressure,  with  nephritis. 


A    woman,    aged    36,    married,    children     9 ,     $ ,    9 .     9 .    nephritis- 
hypertension. 

Svmt>toms  \    Headache  four  years.     Blood  pressure  240-250  mm.     Albu- 
— ^ min.       Diminished     urea     output.       Retention.       Asthenia. 


Edema.    Dyspnea.    Constipation  -|-  -1-  +.    Slight  momentary  lapses. 

Behavior   I    -^'^1^'    energetic,    cultivated    interests    in    home,    children, 
society.     Two  girls  in  family.     Devoted  father;  beautiful, 


much  admired  mother.     Large  family  group  of  professional  people. 
Never   peculiar.      No   eccentricities. 

Unconscious    I     Oedipus   evolutions,    defective.      Strong    father    fixation. 

Rejection  of  male.     Hemophilic.     Supremacy  of  genital 

zone,  defective.     Urinary  fixations.     Strong  anal  erotic  components. 


Fig.  6. — Outline  of  Case. 

The  treatment  prescribed  was  rest  in  bed,  plenty  of  water,  a  restricted 
diet,  plenty  of  restrictions.  The  prognosis  was  dubious  and  serious ; 
she  might  live  for  some  time  if  she  followed  the  treatment  indicated; 
if  not  she  would  probably  die  within  a  short  time. 

I  asked  concerning  the  cause  of  the  nei)hritis.  The  physician  said 
it  was  the  high  tension.  I  said,  "Why  the  high  tension?"  "The 
nephritis,"  he  answered.  "And  where  do  we  get  off  this  circle?"  "We 
don't,"  he  as.serted.  And  there  we  were.  Of  course,  I  am  abbreviating 
the  conversation.  A  review  of  the  world's  literature  during  the  past 
four  or  five  years  on  this  problem  .shows  that  this  is  its  present  status. 
As  Widal,  in  answer  to  a  similar  inquiry  I  made  to  him  last  summer, 
at  the  close  of  a  brilliant  bedside  clinic  on  almost  a  facsimile  of  my 
patient,  said,  "C'est  les  mysteres !     Internal  medicine,  so  far  as  it  has 
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gone,  cannot  l)reak  into  the  circle,  and  looks,  when  it  looks  at  all,  at 
the  'mysteries.'  '' 

When  I  explained  to  ni}-  engineer  friend  what  i  had  heen  told,  he 
saw  tlie  difficulty,  but  was  surprised  at  the  static  position  in  which  the 
internists  left  the  case.  I  agreed  with  him.  After  much  discussion 
I  finally  consented  to  make  a  tentative  appraisal  of  the  intrapsychic 
situation  and  try  to  determine  whether,  in  terms  of  what  has  here  been 
formulated,  there  was  any  look  in  on  the  dynamic  side. 

Within  two  weeks  it  was  quite  apparent  that  the  unconscious 
material  afforded  illuminating  glimpses  of  some  of  the  "mysteries,"  and 
told  us  ivJiy  the  organism  as  a  zvlwle  was  not  functioning  satisfactorily, 
although  I  was  not  able  in  that  time  to  determine  why  the  cardiovascular- 
renal  components  were  the  structures  which  showed  the  most  evident 
signs  of  breakdown  (that  is,  from  present  flay  clinical  criteria). 

I  then  proposed  to  conduct  a  research.  If,  in  the  crude  thought  of 
centuries,  the  mind  was  said  to  influence  the  body,  what  could  the 
refinements  of  analytic  technic  show  as  to  such  influences?  Or,  since 
modern  psychopathology  rejects  this  setting  off  of  opposites,  body 
versus  mind,  what  could  such  a  technic  show  as  to  the  mental,  that  is, 
the  symbolic  level  activities,  going  on  in  the  individual?  These  the 
internist  knows  little  about,  except  as  he  mouths  such  vague  mon- 
strosities as  "nervous,"  or  "emotional"  or  "psychic."  The  internist  is, 
for  the  most  part,  working  at  the  physicochemical  level.  Like  Yank, 
in  O'Neil's  "Hairy  Ape,"  he  thinks  he  "belongs"  because  he  stokes 
the  fires.  He  is  iron  and  steel.  Our  present  internist's  conception  of 
the  "human  machine"  is  as  crude  as  Yank's  conception  of  the  world 
which  broke  him.  I  am  not  unmindful  of  the  legitimate  protest  against 
such  a  statement,  as  evidenced,  for  example,  in  Kraus'  "Allgemeine 
Pathologie  der  Person,"  in  which,  fortunately,  it  may  be  seen  that 
internal  medicine  is  breaking  away  from  the  static  molds  of  descriptive 
science  which  have  been  building  up  too  onesidedly  for  the  past  fifty 
years.  Nevertheless,  I  maintain  that  when  the  time  comes  that  Claude 
Bernard  dreamed  of — "when  the  physiologist,  the  philosopher,  and  the 
poet  would  talk  the  same  language,  and  understand  each  other" — a 
true  science  of  medicine  wall  be  possible.  That  time  has  not  yet  arrived. 
We  have  a  few  physiologists,  but  where  are  the  medical  ]:)hilosophers  ? 
As  for  seers  in  medicine,  they  are  too  few  and  are  mostly  despised  and 
rejected  of  men.  I  need  only  refer  to  one  medical  poet,  philosopher, 
and  physiologist,  who  after  thirty  years  of  contumely  and  most  preju- 
diced criticism,  is  finally  recognized  as  a  genius,  and  whose  illumined 
hypotheses  are  making  it  possible  to  understand  the  enormous  role  that 
psychopathology  plays,  not  only  in  the  neuroses  and  psychoses,  but  in 
what  is  termed  constitutional  disease.     But  to  return  to  our  patient : 
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I  cannot  recapitulate  all  the  evidence,  but  the  very  first  finding 
in  the  "unconscious''  contained  some  interesting  material.  While  in 
the  hospital  she  had  dreamed  the  following  which  was  a  seminightmare : 

"There  was  a  road  along  which  tzvo  men  were  driving  like  mad  in 
single-horse  racing  sulkies.  As  they  zvcnt  by  in  a  cloud  of  dust,  a 
zi'oman  zvitli  dishcavcllcd  hair  came  from  a  house  facing  the  road 
zvringing  her  hands  and  screaming  at  the  top  of  her  voice.  The  men 
and  horses  zccnt  up  a  steep  hill,  and  as  one  reached  the  top  he  turned 
sharply  to  the  left  and  ran  into  a  stone  zvall  about  tzvo  feet  high  and 
smashed  the  sulky  all  to  pieces." 

Now  I  know  to  the  nonanalytically  trained  observer  this  means  as 
little  as  the  sight  of  a  small  red  stained  rod  under  the  microscope  means 
to  one  who  does  not  know  anything  about  the  tubercle  bacillus. 

To  the  patient  I  said,  "What  about  it?" 

"About  what,"  she  said? 

"Well  imagine  yourself  one  of  those  riders." 

"I'd  be  crazy,"  she  said. 

Well,  I  said,  "It  looks  as  if  somebody  was  destroying  something,  at 
all  events,  and  maybe  the  zvish  to  destroy  has  something  to  do  with  your 
own  breakdown."  "Let  us  go  further."  Then  her  free  associations 
were  obtained,  and  for  several  sessions  we  worked  on  this  dream. 

To  give  the  results  of  these  investigations  in  extenso  would  be  as 
wearisome  as  to  give  in  minute  detail  all  of  the  intricate  directions 
for  carr\-ing  out  a  Wassermann  test.  The  general  findings  showed  an 
obvious  difficulty  in  her  object  choice.  According  to  the  principles  of 
the  Oedipus  hypothesis,  she  showed  a  strong  unconscious  father  fixa- 
tion. He  was  the  man  of  the  sulky.  A  part  of  him,  the  one  that  ran 
into  the  stone  wall  and  smashed  up  the  machine,  was  related  to  the 
incestuous  component  of  an  infantile  fixation  ])eriod ;  but  to  the  student 
of  unconscious  processes  as  modified  through  the  dream  work,  and  as 
further  extended  by  the  technic  of  free  associations,  an  enormous 
amount  of  material  may  be  recorded,  just  as  the  physician  who  finds 
the  tubercle  bacillus  in  a  patient's  sputum  has  opened  up  an  enormous 
amount  of  material  heretofore  unknown   (Fig.  4). 

Here,  then,  (jne  fincls  the  first  obvious  failure  in  the  energy  delivery 
system,  since  it  had  become  fixed  (conditioned)  for  infantile  rather 
than  for  adult  psycho.sexual  functioning.  The  psychopathologist  can 
envisage  some  high  voltage  energy  seeking  an  adequate  pathway  for 
discharge  (racing  horses  on  the  road),  and  not  finding  the  adequate 
outlet,  backfires  and  creates  havoc  somewhere  in  the  machine.  Tliis 
is  the  general  rough  idea.  Can  an  analytic  Franklin  conceive,  with 
his  kite  and  string,  liow  to  determine  the  line  of  discharge?  That  is, 
can  the  analytic  technic  show  why  the  cardiovascular-renal  structures 
were  chosen  as  the  lightning  rod  for  grounding  this  faultily  delivered 
energy?     If  so,  then,     in  general,  we  have  the  leading  features  of  our 


PSVCIIOI'A'niOLOGY  325 

problem  laid  bare:  faulty  psycliosc.viial  cz'olutioii  in  terms  of  object 
choice,  and  supremacy  of  the  genital  aoiics. 

Every  psychopathologist  working  witb  tbe  analytic  tecbnic  knows 
that  the  stage  of  the  Oedipus  formula  turns  up  fairly  early  in  an 
analysis.  It  may  be  that  Freud's  genius  in  pointing  out  the  way  enables 
us  to  recognize  the  main  indicia  of  difficulties  in  its  dexelopment.  The 
traveler  from  New  York  to  San  Francisco  recognizes  Buft'alo,  Chicago, 
St.  Paul,  Denver,  Salt  Lake  City  as  stopping  places  on  the  road ;  so 
the  analyst  can  observe  the  symbolizations  of  the  Archaic,  Organic 
Narcisistic  and  Social  stages  in  the  growth  of  the  individual  to  adult 
psychosexual  development.  But  there  are  innumerable  stations  between 
these  larger  more  or  less  arbitrarily  named  stopping  places.  The  Libido 
is,  however,  ever  on  the  go.  It  stops  nowhere.  It  is  the  insufficiency 
of  the  intellect  that  creates  the  need  of  static  stopping  places,  of  giving 
dead  names  to  dynamic  processes. 

Psychopathology  is  still  working  to  analyze  the  displacements,  the 
side  tracking,  splittings,  and  condensations  of  energy  traversing  the 
somatic  segmental  pathways  in  the  evolutionary  urge  toward  a  truly 
creative  use  of  the  segmental  structures. 

Judging  from  conscious  criteria,  the  fact  that  our  patient  had  four 
children  all  growing  up  and  free  from  gross  defect  would  argue  that 
the  supremacy  of  the  genital  zone  had  reached  an  adult  stage  in  the 
plan  of  psychosexual  evolution.  This  is  the  general  intellectual  con- 
ception. But  on  looking  over  the  accumulating  dream  material,  a  suf- 
ficient number  of  reasons  are  found  which  tend  to  explain  why  the 
patient  was  frigid  in  her  intercourse  with  her  husband,  even  frigid  to 
manual  or  any  type  of  contact  with  the  genitals.  The  evidence  was 
plain  that  a  fixation  had  taken  place  even  before  the  clitoris  could  serve 
as  a  guide  to  the  zone  supremacy.  There  was  plainly  indicated  in  the 
dream  material  that  vesical  and  urethral  fixations  were  conditioned  and 
that  no  supremacy  had  been  reached  beyond  this  stage. 

Marked  constipation  which  had  resisted  over  twenty  years  of 
attempted  treatment  by  scores  of  procedures  was  soon  traced  to  its 
anal  erotic  sources — another  libido  displacement — and  was  effectively 
relieved  in  a  few  months.  One  bit  of  dream  evidence  bearing  on  the 
anal  eroticism  is  worthy  of  record.  After  I  had  known  the  patient 
about  eighteen  months  and  she  had  been  free  from  constipation  for  over 
a  year,  she  had  a  short  period  of  relapse.  She  came  in  one  day  and 
laughingly  asked  me  what  I  thought  of  this  dream: 

She  and  B.  (her  maid)  zucre  trying  to  smuggle  a  couple  of  boxes 
filled  zvith  long  bottles  into  a  small  closet  on  the  second  floor.  It  zvas 
locked  from  the  inside  and  she  Jiad  to  descend  to  the  cellar  and  ascend 
a  circular  staircase  in  order  to  ujifasten  this  closet  door.  As  slie 
started  going  up  the  circular  staircase  she  noticed  a  Chinese  mask  on 
the  zvall  of  the  cellar. 
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"The  bottles?"  I  asked.  "Pluto.  Isn't  the  dream  a  cute  one?  It 
looks  as  if  my  attack  of  constipation  was  hankering  for  some 
gratification." 

"But  why  the  Chinese  mask  and  the  circular  staircase"  ?  This  was 
addressed  to  me. 

The  Chinese  mask  was  soon  resolved  as  Father.  The  circular  stair- 
case, her  intestinal  tract.  Further  analysis  resolved  the  outlines  of 
the  pederastic  aspect  of  the  anal  erotic  wish.  AMiereas  it  seems  a  far 
cry  from  Fabre's  story  of  the  impregnated  spider  who  immediately 
devours  her  mate  for  food  for  the  offspring,  it  is  by  no  means  an 
unrecognized  factor  in  certain  human  matings  that  the  "bringing  home 
the  bacon"  for  the  sake  of  support  of  self  and  children  (often  the  latter 
bring  but  narcisistic  replicas  of  the  self)  is,  if  not  the  chief  motive, 
certainly  near  consciousness.  In  this  connection  the  myth  of  Lot's 
wife  and  the  story  of  Sodom  and  Gomorrah  would  repay  reading  in 
the  light  of  unconscious  fixations. - 

The  temporary  constipation  regression  cleared  up,  and  for  seven 
years  now  there  has  been  no  necessity  for  treatment  for  constipation. 
The  constipation,  that  is,  the  anal  erotic  fixations  also  showed  on 
analysis  much  concealed  sadistic  material  directed  toward  the  homo- 
sexual, much  envied  mother  (unconscious),  displaced  and  concealed 
behind  the  heterosexual,  husband-father  image.  This  mother  rivalry 
also  was  marked  (unconscious)  and  hidden  behind  urinary  phantasies. 
In  childhood  water  plays  were  adored.  They  were  numerous  and  were 
followed  with  fascinated  excitement ;  copious,  almost  abnormal,  water 
drinking  afforded  greater  somatic  outlet  as  well.  The  urinary  gratifica- 
tions were  all  of  this  intense  quality.  They  thus  demanded  a  large 
renal  output,  and  they  got  it.  In  a  complicated  and  subtle  manner 
from  the  ages  of  3,  4  and  5  years,  the  unconscious  urinary  phantasies 
made  use  of  the  cardiovascular-renal  mechanism  to  gratify  an  almost 
feverish  urge  to  overcome  the  mother  and  later  the  mother  imago 
(homosexual)  substitutes.  Hence  the  constant  narcisistic  homosexual 
unconscious  symbolizations  which  thoroughout  ihe  entire  analysis  were 
persistent  sign-posts  of  the  retardation  in  complete  psychosexual 
develo])nient.  both  as  to  oljject  choice  and  to  supremacy  of  the  genital 
zones. 

It  would  take  many  more  hours  to  jirescnt  the  comjilete  analysis, 
but  I  hope  I  have  given  a  glimpse  of  the  j^roblems  as  seen  from  the 
analytic  standpoint.^ 

64  West  Fifty-Sixth  Street. 


2.  Compare  Jones:    The   Symlxilisni  <ii  .Salt,   in  the  Unconscious,  Collected 
papers,  Ed.  2,  New  York,  William  Wood  &  Co.,  1921. 

3.  JellifFe,  S.   E. :    Paleopsychology.     A  Tentative   Sketch  of  the   Evolution 
of  Symbolic  Function,  Psychoanalytic  Rev.,  to  be  published,  April,  1923. 
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A    STUDY    OF    THE    NATURE    AND    LOCALIZATION    OF    THE  COMBINED 
FORM     OF     ORGANIC     TREMOR 

J.     RAMSAY     HUNT,     M.D. 
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All  forms  of  tremor  movement  bear  a  certain  fundamental  resem- 
blance to  one  anotber,  altbough  finer  dilTerences  are  distinguisbable. 
We  recognize,  for  example,  tremors  whicb  are  tine  or  coarse,  rapid  or 
slow,  rhythmical  or  arrhythmical.  Eroni  the  etiologic  standpoint  many 
varieties  are  described  by  systematic  writers,  and  it  is  surprising  how 
few  disorders  of  the  nervous  system  run  their  course  without  the 
accompaniment  of  tremor.  Indeed,  a  physiologic  form  is  recognized, 
and  a  slight  tremulousness  is  a  common  result  of  muscular  fatigue. 

In  spite  of  recent  advances  in  neuropathology  and  a  better  under- 
standinp-  of   the  correlation  of   structure  and   function  in  the  central 

o 

nervous  system,  the  anatomic  basis  of  tremor  is  by  no  means  settled 
at  the  present  time. 

Many  organic  affections  of  the  nervous  system  are  associated  with 
tremor,  more  especially  those  involving  the  cerebellum,  the  corpus 
striatum  and  their  connections  with  the  brain  stem.  Among  these, 
paralysis  agitans,  multiple  sclerosis,  pseudosclerosis  and  progressive 
lenticular  degeneration  are  especially  deserving  of  mention  because  of 
the  constancy  and  characteristic  nature  of  the  tremor  rmd  the  localiza- 
tion of  the  lesions. 

In  the  organic  group  of  tremors  two  distinct  clinical  types  may  be 
differentiated;  one,  the  tremor  of  repose;  the  other,  appearing  only 
during  the  course  of  movement  itself,  the  so-called  "intention  tremor." 
In  the  present  study  I  shall  consider  more  especially  the  relation  of 
these  two  forms  of  tremor  to  the  corpus  striatum  and  the  cereliellum 
and  their  occurrence  as  a  combined  form — the  striocerebellar  tremor. 

CHRONIC     PROGRESSIVE     CEREBELLAR     TREMOR      (dVSSVNERGIA 
CEREBELLARIS     PROGRESSIVA) 

Some  years  ago,  under  the  title  ^  given  above,  I  directed  attention 
to  a  chronic  progressive  tremor  disturbance,  which  I  regarded  as  a 
definite  clinical  type  of  organic  nervous  disease. 

The  symptomatology  was  characterized  by  generalized  intention 
tremors,  which  began  as  a  local  manifestation  and  gradually  extended 


1.  Hunt,   Ramsay:    Dyssynergia   Corebcllaris   Progressiva,  a   Chronic    Pro- 
gressive Form  of  Cerebella  Tremor.  Brain  37:247,  1914-1915. 
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to  the  whole  voluntary  muscular  system.  Associated  with  the  tremor 
disturbance  were  the  characteristic  manifestations  of  cerebellar  disease: 
dyssynergia,  dysmetria,  adiadokokinesis,  hypotonia  and  asthenia.  In  all 
other  respects  the  neurologic  examination  was  essentially  negative. 

Three  cases  were  described  in  my  original  communication,  all  similar 
in  their  general  course  and  symptomatology,  differing  only  in  degree 
and  the  duration  of  the  disease. 

The  intention  tremor,  which  was  the  striking  and  characteristic 
symptom  of  the  disease,  began  in  one  extremity  and  progressed  slowly, 
involving  gradually  and  successively  the  remaining  portions  of  the  body. 
There  was  a  coarse,  irregular  atactiform  shaking  on  attempting  any 
movement.  The  tremor  movement  was  slow,  ranging  from  three  to 
live  vibrations  a  second.  Both  the  rate  and  amplitude  were  increased 
by  mental  and  physical  activity.  It  was  diminished  or  ceased  entirely 
in  a  relaxed  or  recumbent  posture  and  was  consequently  absent  during 
sleep.  After  paroxyms  of  prolonged  motor  agitation  some  after-tremor 
persisted,  even  during  rest. 

The  whole  course  of  the  disease  was  chronic  and  slowly  progressive, 
and  the  motor  life  became  more  and  more  restricted.  Once  established, 
the  tremor  never  disappeared  except  during  rest. 

The  clinical  picture  in  this  group  of  cases  was  characteristic  of  a 
disturbance  of  the  cerebellar  mechanism.  Furthermore,  the  disorder 
progressed  gradually,  in  the  manner  of  an  organic  degenerative  disease, 
and  on  the  basis  of  these  clinical  observations  I  postulated  a  progressive 
degeneration  of  certain  cells  or  fiber  systems  of  the  cerebellar  mechanism 
as  the  probable  pathology  of  the  disease,  the  exact  localization  of  which 
must  await  the  results  of  pathologic  investigation. 

Since  this  statement  was  made  my  conception  of  the  nature  and 
symptomatology  of  this  group  of  cases  has  been  considerably  enlarged 
by  further  clinical  and  pathologic  investigations. 

I  have  had  occasion  to  observe  another  clinical  group  which  com- 
bined the  symptomatology  of  dyssynergia  cerebellaris  progressiva  (pro- 
gressive cerebellar  tremor)  and  myoclonus  epilepsy.-  There  was  the 
progressive  dyssynergia  and  intention  tremor  characteristic  of  a  cere- 
bellar disorder,  in  association  with  epilepsy  and  myoclonus.  In  this 
group,  as  in  the  original  group  of  cases  uncomplicated  by  myoclonus 
epilepsy,  the  extremities  showed  the  greatest  degree  of   involvement. 

The  association  of  cerebellar  dyssynergia  and  myoclonus  epilepsy 
suggests  the  occurrence  of  two  independent  nervous  disorders  in  one 
person.     Such  a  combination,  however,  is  rare  and   shows   merely  a 


2.  Hunt.  Ramsay:  Dyssynergia  Ccrcl)cllaris  Myoclonica  —  Primary 
Atrophy  of  tlie  Dentate  System;  a  Contrilnition  to  the  Pathology  and  Symp- 
tomatology of  the  Cerehellum,  Brain  44:490,  1921. 


STRIOCEREBEIJ.AK     TRliMOK  329 

predisposition  to  the  two  disorders  in  the  same  person;  it  does  not 
necessarily  indicate  any  essential  relationship  between  them. 

On  the  other  hand,  little  is  known  at  the  present  time  of  the 
pathology  and  localization  of  myoclonus.  Its  occurrence,  therefore,  in 
conjunction  with  a  special  type  of  cerebellar  disease,  of  which  1  have 
observed  six  cases,  is  not  without  interest,  and  may  have  a  deeper 
pathologic  signihcance  than  might  first  appear. 

This  form  of  dyssynergia,  which  I  termed  dyssynergia  cerebellaris 
myoclonica,  was  also  observed  in  association  with  Friedreich's  ataxia,  a 
combined  cerebellospinal  involvement,  which  is  not  infrequent  in  the 
history  of  cerebellar  system  disease.  In  one  of  these  cases  studies  of 
the  pathology  were  made,  which  throw  considerable  light  on  the  origin 
and  anatomic  basis  of  the  cerebellar  portion  of  the  symptomatology. 
As  a  result  of  these  investigations,  the  progressive  dyssynergia  and 
intention  tremor  was  referred  to  an  atrophy  of  the  eiTerent  dentate 
system  of  the  cerebellum,  and  this  system  was  regarded  as  the  essential 
neural  mechanism  underlying  the  production  of  the  cerebellar  or  inten- 
tion tremor. 

Pathologic  Changes. — The  imjjortant  and  essential  lesion  of  the 
cerebellum  was  an  atrophy  of  the  motor  cells  of  the  corpus  dentatum 
and  the  superior  cerebellar  peduncles.  There  was  no  atrophy  of  other 
cerebellar  systems,  and  none  of  the  nucleus  ruber.  The  lesions  of  the 
cerebellar  mechanism  were,  therefore,  confined  to  the  short  and  impor- 
tant internuncial  common  pathway  which  conveys  efferent  impulses 
from  the  cerebellum  to  the  spinal  cord. 

The  relation  of  organic  tremor  to  the  cerebellar  mechanism  was 
emphasized  some  years  ago  by  Gordon  Holmes.^  He  reported  a  series 
of  cases  of  organic  cerebral  disease  which,  while  in  many  respects 
dissimilar,  had  one  symptom  in  common — a  tremor,  which  presented 
the  following  characteristics : 

In  every  case  it  was  found  that  the  patient  was  unable  to  voluntarily  check 
the  movement  for  more  than  the  shortest  space  of  time,  and  often  the  attempt 
to  inhibit  it  only  resulted  in  increase  or  accentuation  of  the  range.  In  addi- 
tion to  the  tremor  proper,  which  may  be  described  as  static,  as  it  occurred 
•  independently  of  voluntary  or  reflex  movement  of  the  part,  volitional  move- 
ment of  the  limb  affected  was  in  every  case  complicated  by  an  irregularity  of 
the  intention  tremor  type,  as  met  with  in  disseminated  sclerosis,  that  is,  the 
range  of  deviation  from  the  direct  line  of  the  movement  increased  as  the 
completion  of  the  act  purposed  was  approached. 

In  no  case  did  the  tremor  persist  during  sleep.  It  also  ceased  when 
the  limb  involved  lay  at  complete  rest,  so  that  each  of  its  segments  was 
individually  supported.     The  lesions,  so  far  as  could  be  determined, 


3.  Holmes,  Gordon:    Certain  Tremors  in  Organic  Cerebral  Lesions,  Brain 
27:327,  1904. 
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were  localized  in  the  dorsal  or  tegmental  region  of  the  midbrain,  some- 
times extending  forward  into  the  optic  thalamus.  Holmes  described  in 
detail  the  nucleus  ruber  and  its  connections  and  concluded  with  the 
statement  that  "It  seems  from  anatomical  and  other  considerations  that 
it  is  to  some  involvement  of  this  system  that  the  tremor  above  described 
is  to  be  attributed." 

The  general  resemblance  of  the  type  of  tremor  described  by  Holmes 
to  that  presented  by  my  patients  with  dyssynergia  cerebellaris  pro- 
gressiva (chronic  progressive  cerebellar  tremor)  is  evident.  In  the 
group  of  cases  which  I  described,  however,  the  tremor  was  mono- 
symptomatic,  while  in  the  group  described  by  Holmes  it  was  one  among 
other  organic  symptoms. 

The  coexistence  in  this  group  of  cases  of  symptomatic  features 
characteristic  of  both  striatal  and  cerebellar  tremor  may  be  pointed  out, 
and  will  be  discussed  more  in  detail.  The  following  case  was  originally 
described  in  my  clinical  study  of  dyssynergia  cerebellaris  progressiva 
(chronic  progressive  cerebellar  tremor).  Death  occurred  thirteen  years 
after  the  onset  of  the  tremor,  and  opportunity  was  afforded  for 
histologic  study  of  the  central  nervous  system. 

REPORT     OF     A     CASE 

Chronic  progressive  strioccrebellar  ircmor  associated  zvith  cirrhosis  of  the 
liver  {tremor  type  of  the  hepatocerebral  degeneration). 

History. — A  woman,  aged  40,  had  volitional  tremor  of  the  left  arm.  One 
year  later  a  similar  tremor  of  the  right  arm  developed,  which  was  followed 
by  gradual  extension  to  the  musculature  of  the  head,  trunk  and  lower 
extremities.  The  clinical  picture  was  one  of  generalized  coarse,  ataxic  tremor 
when  the  patient  attempted  to  move,  which  ceased  during  rest.  A  study  of 
the  motility  revealed  also  a  disturbance  of  the  cerebellar  function.  There 
was  dj'smetria,  dyssynergia,  hypotonia,  adiadokokinesis  and  asthenia ;  other- 
wise neurologic  examination  was  negative.  The  chief  symptom  was  gen- 
eralized dyssynergia  with  tremor  movements  on  intention. 

Tremor :  When  the  patient  lay  in  the  recumbent  posture  with  the  body 
completely  relaxed  and  the  head  supported  by  a  soft  pillow,  there  was  no 
movement. 

The  slightest  attempt  at  innervation,  such  as  fixation  of  the  eyes,  a  move- 
ment of  the  hand,  a  simple  fle.xion  of  the  extremities,  or  even  attempts  to 
speak  or  smile,  produced  tremor,  which  was  increased  by  any  attempt  at 
repression. 

Mental  excitement  and  effort  also  aggravated  the  tremor.  The  automatic 
act  of  respiration  alone,  when  the  patient  was  quiet  and  relaxed,  did  not 
produce  a  tremor;  however,  during  the  more  violent  exacerbations  of  tremor 
the   respiratory  movements   were   sometimes  jerky  and   arrhythmical. 

The  favorite  position  of  the  patient  while  sitting  was  leaning  forward, 
resting  the  head,  arms  and  upper  portion  of  the  body  on  a  table.  In  this 
position  she  often  remained  for  long  periods  perfectly  quiet  and  relaxed, 
unless  she  was  questioned  or  her  attention  attracted,  when  more  or  less 
violent  tremors  immediatelj-  resulted.     While  sitting  quietly  in   a  chair  before 
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the  examiner  with  tlic  arms  resting  on  the  lap,  the  tremor  was  confined  to 
nodding  and  shaking  of  the  head,  some  facial  movement  and  oscillations  of 
the  hody,  hut  mental  excitement  or  a  slight  attempt  at  voluntary  innervation, 
such  as  speech  or  movements  of  the  fingers,  apparently  disturljed  the  balance 
and  adjustment  of  the  patient,   and   violent   tremors   resulted. 

There  was  no  true  nystagmus.  If,  however,  the  tremor  was  checked  by 
holding  the  head,  tremor  occasionally  reappeared  in  the  eyes.  Such  oscilla- 
tions, however,  were  not  olitained  by  fixation  of  an  object  with  the  eyes.  The 
overflow  of  tremor  also  occurred  when  movements  of  an  upper  or  lower 
extremity  were  forcibly  checked. 

The  tremor  of  the  extremities  was  of  the  volitional  or  intention  type,  and 
consisted  of  a  coarse  ataxic  shaking  and  tossing  of  the  extremities  rather 
than  a  true  rhythmical  tremor,  although  in  certain  positions  this  ataxic  shak- 
ing assumed  a  more  or  less  rhythmical  character. 

On  attempting  to  place  the  index  finger  on  the  tip  of  the  nose,  the  arm 
was  jerked  and  thrown  about  with  ataxic  violence,  the  motor  agitation  sub- 
siding and  becoming  less  severe  when  the  object  of  the  movement  was  finally 
attained.  On  attempting  to  place  the  heel  on  the  knee  in  the  recumbent 
posture,  the  same  coarse  volitional  disturbances  appeared,  and  when  the  leg 
was  elevated,  as  in  the  arm,  a  violent  ataxic  tremor  developed.  Closure  of 
the  eyes  had  no  apprecial)le  influence  on  the  extent  or  character  of  the 
movements. 

Speech  was  slow  and  scanning  and  was  frc(iuently  liroken  and  interrupted 
by  violent  explosive  efiforts  and  utterances.  I'nder  excitement  these  l)rusque 
explosive  discharges  rendered  it  almost  unintelligible.  The  speech  disturbance 
was  evidently  caused  by  the  same  disharmony  which  characterized  the  other 
muscular  efforts.  During  the  act  of  articulation  there  were  associated  tremor- 
like contractions  of  the  facial  movements,  and  the  tremor  of  the  head  was 
much  exaggerted. 

On  standing,  the  general  tremor  was  much  increased,  the  legs  shook,  the 
trunk  oscillated,  the  head  was  in  constant  movement,  and  the  arms  were  tossed 
and  hurled  about  in  the  most  bizzare  fashion.  Chewing  and  swallowing  aggra- 
vated the  tremor,  which  added  to  the  difficulty  of  taking  nourishment.  Static 
equilil^rium  was  well  maintained  even  on  a  narrow  base,  and  closure  of  the 
eyes  in  this  position  had  no  apparent  effect  on  posture  or  the  intensity  and 
character  of  the  tremor.  For  some  years  all  finer  movements  of  the  hands 
had  been  impossible,  and  the  handwriting  had  been  reduced  to  illegible  scrawls 
and  scratches.  If  the  patient  had  had  an  exciting  or  fatiguing  day,  some 
after-tremor  might  persist   for   several  hours,   even   during  the   period   of  rest. 

Hypotonia :  The  muscles  were  well  developed  and  free  from  atrophy.  They 
were,  however,  soft  and  flabl)y  to  the  touch  and  there  was  a  definite  hypo- 
tonia. The  joints  were  relaxed  and  flaccid  and  were  sometimes  overextended. 
The  Stewart-Holmes  sign  of  hypotonia  was  also  constantly  present  in  the 
upper  extremities,  that  is,  the  failure  of  rebound  when  flexion  of  the  arm  w'as 
resisted  and  suddenly  relaxed. 

Dysmetria  and  Dyssynergia :  There  was  a  distinct  disturl>ance  of  al)ility 
to  measure,   regulate   and  harmonize  voluntary   movements    in   the   extremities. 

Adiadokokinesis  :     This  was  present  in  both  upper  extremities. 

Sensation:  The  general  sensations  both  superficial  (touch,  pain  and  tem- 
perature) and  deep  (muscular  and  articular)  were  normal.  There  was  no 
demonstrable  defect  in  the  ability  to  distinguish  the  relative  difference  of 
weights  placed  in  the  hands. 
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Vision,  the   sense  of  smell,  taste  and  hearing  were   normal. 

Reflexes:  The  tendon  reflexes  of  the  upper  extremities  (supinator,  biceps 
and  triceps)  were  present,  not  exaggerated,  and  equal  on  the  two  sides.  The 
reflex  of  the  jaw  was  present  and  not  exaggerated.  Knee  and  ankle  reflexes 
were  present  on  both  sides;  they  were  of  equal  intensity  and  not  exaggerated. 
The  abdominal  reflexes  were  present  and  equal.  The  plantar  reflex  gave  a 
normal  flexor  response  on  both  sides,  and  the  Babinski  reflex  had  not  been 
demonstrable  during  the  many  years  of  observation   in  the  hospital. 

Cranial  Nerves :  The  pupils  were  equal  and  reacted  promptly  to  light 
and   accommodation ;  the   pupillary   skin   reflexes   were  normal. 

Ophthalmoscopic  examination  revealed  normal  optic  nerves ;  no  signs  of 
neuritis  or  pallor  of  the  disk.  The  ocular  excursions  were  normal ;  there  was 
no  true  nystagmus.  The  innervation  of  the  facial  muscles,  the  muscles  of 
mastication,  soft  palate  and  tongue  were  normal,  but  produced  marked  tremor 
disturbances. 

Course  of  Illness. — The  patient  remained  under  observation  in  the  Montefiore 
Home  up  to  the  time  of  her  death,  Nov.  1,  1920.  During  this  period  there 
were  no  essential  changes  in  the  character  of  the  clinical  picture  as  originally 
described  in  my  paper  in  1914.  The  tremor  disturbance,  which  was  the  domi- 
nating symptom  of  the  disorder,  persisted  and  slowly  increased  in  severity. 
There  were  no  paralysis,  no  sensory  disturbances,  no  spasticities  or  rigidities. 
At  no  time  did  I  observe  any  paralysis  of  automatic  associated  movements  of 
the  paralysis  agitans  type — which  was  in  harmony  with  the  absence  of  all 
muscular  rigidity.  The  tendon  and  skin  reflexes  were  normal  and  equal  on 
the  two  sides.  The  Babinski  reflex  was  absent.  There  were  no  areas  of 
pigmentation  of  the  skin  or  of  the  corneal  margin.  With  the  progress  of  the 
disease  mental  deterioration  and  emotional  instability  were  noted.  The  men- 
tal changes,  however,  were  not  of  a  severe  character;  memory  and  judgment 
were  retained,  and  there  were  no  delusions  or  hallucinations.  In  the  emo- 
tional sphere  there  was  at  times  depression,  and  occasionally  a  slight  degree 
of  euphoria  was  noted. 

Xecropsy  Findings. — Necropsy  revealed  the  typical  lesions  of  pseudosclerosis 
associated  with  nodular  cirrhosis  of  the  liver,  similar  in  api>earance  to  that 
described  by  Wilson*  in  progressive  lenticular  degeneration. 

The  central  lesions  were  most  marked  in  the  lenticular  nuclei,  the  cerebellum 
and  pons  varolii.  In  all  of  these  neural  structures  there  was  some  breaking 
down  with  cavity  formation.  There  was,  however,  no  evidence  of  inflammatory 
reaction.  The  Alzheimer  glia  cells  which  characterize  the  histologic  lesions  of 
pseudosclerosis  were  distributed  extensively  throughout  the  brain.  There  was 
no  degeneration  of  the  spinal  cord. 

COMMKNT 

The  character  of  the  pathologic  lesions  in  this  case — the  nodular 
cirrhosis  of  the  liver  and  the  histologic  changes  in  the  central  nervous 
system — serve  to  identify  it  with  the  group  of  the  hepatocerebral 
degeneraions."'  The  tremor  character  of  the  clinical  picture,  however, 
distinguishes   this    from   the    other   recognized   clinical    types,    namely, 


4.  Wilson,    Kinnier:     Progressive    Lenticular    Degeneration:     a    Familial 
Nervous  Disease  Associated  with   Cirrhosis  of  the   Liver,   Brain   34:290,   1912. 

5.  Hall,  H.  C. :    La  degeneresccnce  hcpato-lcnticulaire,  maladie  de  Wilson- 
pscudo-sclerosc,  1921,  p.  160. 
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the  progressive  lenticular  degeneration  of  Kinnier  Wilson,  the  tetanoid 
chorea  of  Gowers,  the  pseudosclerosis  of  Westphal  and  the  dystonia 
lenticularis  as  described  by  Thomalla  *"'  and  Wimmer.'  I  would,  there- 
fore, regard  it  as  a  tremor  type  of  the  hepatocerebral  degenerations.® 
I  have  considered  this  phase  of  the  subject  elsewhere,  and  1  refer  to  it 
because  of  the  peculiar  nature  of  the  tremor,  which  in  the  light  of  the 
clinical  features  and  pathologic  findings  may  be  interpreted  as  a  com- 
bined striocerebellar  tremor.  There  were  well  marked  lesions  in  the 
lenticular  neuclei  on  both  sides  and  extensive  involvement  of  the  cere- 
bellum and  midbrain  as  well.  The  lesions,  therefore,  were  not  only 
distributed  in  the  corptis  striatum  and  the  cerebellum,  but  also  in  the 
region  of  their  connections  with  important  nuclei  of  the  brain  stem. 
The  lesions  of  pseudosclerosis,  because  of  their  diftuse  character,  are 
not  adapted  to  any  exact  correlation  of  structure  and  function.  There 
can  be  no  question,  however,  as  to  the  predominating  involvement  of 
the  striatal  and  cerebellar  mechanisms  in  this  case  and  to  the  dominating 
importance  of  tremor  (striocerebellar)  in  the  clinical  picture. 

Therefore,  the  small  clinical  group  which  I  isolated  some  years  ago 
as  chronic  progressive  cerebellar  tremor  (dyssynergia  cerebellaris  pro- 
gressiva) may  be  modified  as  a  result  of  subsequent  pathologic  study. 
In  one  group,  dyssynergia  cerebellaris  myoclonica,  the  cerebellar  tremor 
is  part  of  a  general  cerebellar  disorder  and  may  be  correlated  with,  an 
atrophy  of  the  efferent  dentate  system  of  the  cerebellum.  In  the  other 
grotip  the  tremor  distttrbance  is  not  purely  cereliellar,  but  is  a  mixed 
striocerebellar  tremor  associated  with  the  central  lesions  of  pseudo- 
sclerosis (tremor  type  of  the  hepatocerebral  degeneration).  It  is  prob- 
able that  further  pathologic  investigations  will  shed  still  more  light  on 
this  interesting  and  comparatively  rare  group  of  organic  nervous 
disorders. 

the   rel.\tion   of   the    striatal    mechanism    to   tremor 

(striatal    tremor) 

The  relation  of  tremor  to  the  striatal  mechanism  is  now  an  accepted 
fact  of  symptomatology.  There  may  be  differences  of  opinion  as  to  the 
exact  character  of  the  tremor  and  the  role  of  this  organ  in  its  produc- 
tion, but  practically  all  authorities  agree  that  a  rhythmical  tremor  is 
one  of  the  cardinal  symptoms  of  the  corpus  striatum. 


6.  Thomalla:  Ein  Fall  von  Torsionsspasnuis  mit  Sektions  befund  und 
seine.  Bezielumg-  zur  Athetosc  Double,  Wilson's  Krankheit  und  Pseudo- 
Sclerose,  Ztschr.  f.  d.  ges.  Neurol,  u.  Psychiat.  41:311,  1918. 

7.  Wimmer:  Etudes  sur  les  syndromes  extra-pyramidaux,  spasme  de  tor- 
sion progressif  infantile,   Rev.  neurol.  28:952,   1921. 

8.  Hunt,  Ramsay :  The  Tremor  Type  of  the  Hepato-Ccrcliral  Degenera- 
tion, Trans  Assn.  Am.   Phvs.  37:    1922. 
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Kinnier  \\"ilson  was  among  the  first  to  establish  this  relationsliip  in 
his  analysis  of  the  symptomatology  of  progressive  lenticular  degen- 
eration.* Previous  to  this,  however,  a  number  of  isolated  reports  had 
shown  that  rhythmical  tremor  of  the  paralysis  agitrms  type  occasionally 
follows  striatal  lesions  (Demange,'-*  Rhein  and  Potls^*^). 

According  to  Wilson,  the  tremor  of  progressive  lenticular  degenera- 
tion is  slow,  consisting  of  from  four  to  six  oscillations  to  the  second, 
and  is  increased  both  by  voluntary  movement  and  psychic  stimuli.  It 
ceases  during  rest  and  is  more  marked  in  the  distal  portion  of  the 
extremities.  The  same  character  of  tremor  was  noted  by  Sawyer, 
Cassirer  "  and  Pollock  ^^  in  cases  of  Wilson's  disease.  In  Stoecker's  ^^ 
case,  however,  wdiile  the  tremor  was  increased  during  movement  and 
was  therefore  an  action  tremor,  it  was  also  present  at  rest  (tremor  of 
repose).  This  combination  of  a  tremor  of  repose  and  action  tremor 
will  be  referred  to  later  in  the  discussion  on  the  combined  form  of 
striocerebellar  tremor. 

In  1915,  I  described  as  primary  atrophy  of  the  pallidal  system  ^*  a 
group  of  cases  with  characteristic  pathologic  lesions  presenting  the 
symptomatology  of  paralysis  agitans.  In  one  case  of  juvenile  type, 
in  which  the  disease  had  existed  for  twenty  years,  histologic  examina- 
tion was  made  of  the  central  nervous  system,  with  special  reference  to 
the  corpus  striatum,  the  cerebellum  and  their  connections  with  the 
brain  stem.  As  a  result  of  these  studies,  I  concluded  that  juvenile 
paralysis  agitans  is  a  system  disease,  the  essential  lesion  of  which  is 
atrophy  of  the  large  motor  cells  of  the  corpus  striatum  (pallidal 
system ) . 

In  this  case  the  lesion  was  strictly  limited  to  the  essential  motor 
system  of  the  corpus  striatum.  The  tremor,  therefore,  may  be  regarded 
as  representative  of  the  striatal  type  of  tremor.  It  was  slow  and 
rhythmical  with  from  fcnir  to  six  vibrations  a  second  and  w^as  increased 
by  mental  excitement  and  physical  activity.     It  was  present  during  rest 


9.  Demange:     Contribution    a    I'etudcs    trcml)lcnunts    prae    et    post-liemi- 
plegique,  Rev.  de  med.  2:371,  1883. 
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Softening  in  Both  Lenticular  Nuclei  and  External  Capsules,  J.  Nerv.  &  Ment. 
Dis.  46:757.  1917. 
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Centralbl.  32:1284,  1913. 

12.  Pollock:  The  Pathology  of  the  Nervous  System  in  a  Case  of  Progres- 
sive Lenticular  Degeneration.  J.   Nerv.  &  Ment.  Dis.  46:401,   1917. 

13.  Stoecker :  Ein  Fall  von  Fortschreitender  Lenticular  Degeneration, 
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bution to  the  Functions  of  the  Corpus  Striatum,  I'.rain  40:58,  1917;  Arch.  Int. 
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and  was  therefore  a  tremor  of  repose.  It  was  increased  at  the  beginning 
of  purposive  movements,  but  was  not  of  the  intention  tremor  type,  and 
ceased  entirely  toward  the  end  of  an  intentional  movement;  and  while 
the  tremor  was  increased  during  movement,  there  was  not  the  atactiform 
uncertainty  and  other  cerebellar  components  of  the  true  intention 
tremor. 

The  tremor  disturbance  was  generally  distributed,  and  all  of  the 
extremities  were  affected,  including  the  head.  Typical  pill-rolling 
movements  of  the  fingers  were  present;  if  suppressed  in  one  part,  the 
tremor  made  its  appearance  in  some  other  part  of  the  body. 

In  the  earlier  years  of  the  disease,  the  tremor  was  coarse  and  at 
times  violent,  more  especially  during  the  stress  of  emotion  or  attempted 
movement.  As  the  malady  progressed  and  the  extremities  became  fixed 
by  postural  rigidities,  the  severity  of  the  tremor  gradually  lessened. 

The  clinical  characteristics  of  tremor  resulting  from  a  lesion  of  the 
corpus  striatum  may  therefore  be  summarized  as  follows :  Tremor 
occurs  spontaneously  and  is  slow  and  rhythmical  in  character.  It  may 
be  increased  by  mental  excitement  and  physical  activity,  and  persists 
during  rest  (tremor  of  repose).  If  checked  in  one  extremity,  there 
is  a  tendency  for  its  reappearance  in  other  parts  of  the  body  (overflow 
of  the  tremor).  Although  subject  to  variation,  it  has  the  same  tempo 
in  all  parts  where  tremor  is  present. 

The  mechanism  underlying  the  production  of  striatal  tremor  is  still 
one  of  the  mooted  questions  of  pathologic  physiology.  I  regard  it  as 
a  release  phenomenon  resulting  from  loss  of  striatal  control  and  the 
expression  of  spontaneous  activity  in  certain  infrastriatal  centers  of 
the  extrapyramidal  system.  It  is,  therefore,  primarily  a  disorder  of 
motility  in  the  paleokinetic  sphere  and  in  this  sense  analogous  to  chorea 
and  athetoid  movement. 

In  a  previous  study  of  the  corpus  striatum, ^°  evidence  was  presented 
showing  that  the  corpus  striatum  is  a  motor  organ  for  the  control  of 
automatic  associated  movement,  just  as  the  rolandic  area  controls  move- 
ment of  the  isolated  synergic  type.  Two  neural  systems  were  recog- 
nized in  the  striatum:  a  large  cell  motov'  system  (pallidal  system) 
controlling  movements  of  the  automatic  as5,ociated  type,  and  a  small  cell 
system  (neostriatal  system)  exercising  an  inhibitory  and  coordinating 
function.  Destruction  of  the  pallidal  system  was  identified  with  the 
syndrome  of  paralysis  agitans  and  loss  of  the  neostriatal  system  with 
chorea.  The  variegated  symptomatology  of  this  region  was  therefore 
attributed  to  an  admixture  of  the  clinical  manifestations  of  these  two 
syndromes. 


15.  Hunt,  Ramsay:  The  Efferent  Pallidal  System  of  the  Corpus  Striatum. 
A  Consifleration  of  Its  Functions  and  Symptomatology^  Trans.  Am.  Neurol. 
Assn.,  1917,  p.  10;  J.  Nerv.  &  Ment.  Dis.  46:44,  1917. 
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The  corpus  striatum  through  the  medium  of  its  efferent  pahidal 
system  has  important  connections  whh  subsidiary  motor  centers  of 
the  midbrain  and  hypothalamic  region,  among  the  more  important  of 
which  may  be  mentioned  the  nucleus  ruber,  the  locus  niger  and  the 
corpus  subthalamicum.  Any  break  in  the  striospinal  system  causes  a 
paralysis  of  automatic  associated  movement  and  releases  the  infrastriatal 
motor  centers  from  control,  with  the  development  of  rhythmical  tremor 
and  hypertonicity  (rigidity).  The  mechanism  is  similar  to  that  of  the 
development  of  clonus  and  hypertonicity  (spasticity)  following  lesions 
of  the  rolandic  area  of  the  cerebral  cortex  (neokinetic  system). 

Tremor  and  clonus  resemble  one  another  in  many  respects,  and  both 
tremor  manifestations  are,  I  believe,  referable  to  the  kinetic  system,  one 
due  to  a  release  of  the  paleokinetic,  and  the  other  of  the  neokinetic, 
mechanism. 

Relation  of  Striatal  Tremor  to  the  Kijietic  System. — I  have  already 
presented  at  some  length  my  views  on  the  duality  of  function  of  the 
motor  system."  According  to  this  conception,  the  efferent  nervous 
system,  both  cerebrospinal  and  vegetative,  consists  of  two  components 
which  are  anatomically  and  pliysiologically  distinct.  One  component  is 
the  kinetic  system,  which  controls  the  movement  proper;  the  other  is  the 
static  system,  which  regulates  the  postural  function  of  the  contractile 
mechanism. 

According  to  this  conception,  the  kinetic  system  controls  the  disk 
mechanism  of  skeletal  muscles,  and  the  static  system  the  sarcoplasm. 
The  essential  function  of  the  kinetic  system  and  the  fibrillar  structure 
of  the  muscle  fiber  is  movement.  The  essential  function  of  the  static 
system  and  the  sarcoplasmic  structure  of  muscle  is  fixation  or  posture. 

In  the  symptomatology  of  motor  disorders  certain  manifestations  are 
referable  to  the  kinetic  system  and  others  to  the  static  system;  and 
while  in  any  disorder  of  motility  both  systems  participate,  it  is  usually 
possible  to  indicate  one  or  the  other  as  the  essential  factor  involved. 
These  two  systems  of  motility  also  play  a  role,  I  believe,  in  the  pro- 
duction of  organic  tremor.  The  striatal  tremor  is  related  to  the  kinetic 
.system  and  the  cerebellar  tremor  to  the  static  mechanism. 

Relation  of  the  Cerebellar  Mechanism  to  Tremor  (Cerebellar 
Tremor). — For  many  years,  tremor  has  been  a  well  recognized,  although 
inconstant,  symptom  of  cerebellar  disease.  Cerebellar  tremor  is  of  the 
so-called  intention  type,  resembling  in  character  tlie  tremor  of  multiple 
sclerosis.     It  is  associated  with  other  manifc^tntinns  of  a  disorder  of 


16.  Hunt.  Ramsay:  The  Static  and  Kinetic  Systems  of  Motility.  Arcli. 
Xeurol.  &  P.sychiat.  4:353  ("Oct.)  1920.  The  Static  or  Posture  System  and  Its 
Relation  to  Postural  Hypertonic  States  of  the  Skeletal  Muscles,  Neurol  P.ull. 
3:207.  1921. 
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cerel)ellar  function,  for  example,  dysmetria  and  adiadokokinesis,  and  is 
only  an  extreme  manifestation  in  the  extremities  of  the  underlying 
disorder  of  muscle  synergy  (asynergia)  which  is  the  fundamental 
symptom  of  a  cerebellar  disease.  It  has  the  character  of  a  coarse  ataxia 
and  in  contradistinction  to  the  tremor  of  paralysis  agitans  is  always 
absent  during  rest.  It  is,  therefore,  never  a  tremor  of  repose.  The 
tremor  manifestation  is  coarse  and  arrhythmical,  beginning  with  move- 
ment and  increasing  as  the  object  is  approached.  The  latter  feature  of 
the  cerebellar  tremor  should  be  particularly  emphasized  as  an  important 
difference  between  the  so-called  action  tremor,  which  is  sometimes 
observed  during  the  mo\ement  of  the  extremity  in  paralysis  agitans, 
and  which  diminishes  and  usually  ceases  as  the  object  of  the  movement 
is  approached.  This  peculiar  feature  of  the  cerebellar  tremor  is,  1 
believe,  dependent  on  the  nature  of  cerel)ellar  function  and  its  relation 
to  the  static  system. 

According  to  the  view  which  I  have  previously  expressed,  the 
essential  central  organ  of  the  static  component  of  the  efferent  system  is 
the  cereljellum.  All  higher  impulses  subserving  the  static  or  posture 
function  of  motility  pass  to  this  organ  for  final  integration.  In  this 
conception  the  cerebellum  is  regarded  as  the  great  central  ganglion  for 
the  coordination  of  posture  synergy  in  contradistinction  to  motion 
synergy,  which  is  under  the  control  of  the  kinetic  system. 

A  lesion  of  the  cerebellar  mechanism  therefore  disturbs  the  posture 
function  of  motility,  the  symptoms  of  which  are  dyssynergia,  dysmetria, 
adiodokokinesis  and  tremor,  and  in  this  sense  the  cerebellar  tremor  is 
primarily  postural  in  its  origin.  In  any  series  of  movement  there  is  an 
accompanying  series  of  posture  which  serves  to  reinforce  the  stability 
and  accuracy  of  movement  itself.  Posture  follows  movement  like  a 
shadow,  and  without  it  movement  loses  its  perfection  of  control  and 
direction.  The  intention  tremor  is  a  particularly  exquisite  example  of 
a  loss  of  postural  control.  It  is  present  only  during  movement  and  is 
especially  active  at  the  end  of  movement,  when  the  posture  system  is 
more  especially  called  into  action.  For  this  reason  there  is  an  atactiform 
tremor  disturbance  when  an  attempt  is  made  to  place  the  finger  tip  on 
the  nose,  which  increases  as  the  final  act  of  posture  is  reached. 

I  believe,  therefore,  that  the  so-called  cerebellar  tremor  is  related 
primarily  to  a  disorder  of  the  static  system,  the  coarse  tremor  move- 
ments being  simply  compensatory  manifestations  in  the  kinetic  sphere. 

Striocerehellar  Tremor. — The  disorder  of  motility  to  which  I  now 
direct  attention  presents  the  characteristics  of  both  a  striatal  and 
cerebellar  tremor.  There  is  the  spontaneous  rhythmical  tremor  char- 
acteristic of  a  striatal  disorder  in  association  with  the  intention  tremor 
of  cerebellar  disease.     Sometimes  one  com])()nent,  sometimes  the  other. 
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dominates  the  clinical  picture,  and  there  is  also  considerable  variation  in 
the  degree  and  localization  of  the  tremor  disturbance. 

In  the  group  of  cases  described  by  Gordon  Holmes,  already  alluded 
to,  in  which  the  lesions  were  localized  in  the  tegmental  region  of  the 
midbrain,  both  of  these  components  of  organic  tremor  were  evidently 
present.  In  Case  1,  in  which  symptoms  were  indicative  of  a  vascular 
lesion  of  the  midbrain,  the  description  of  the  tremor  was  as  follows: 

Except  when  the  limb  was  at  perfect  rest  and  so  supported  that  each  seg- 
ment bore  its  own  weight,  there  was  constantly  slow  clonic  tremor  of  one  or 
other  part  of  it,  but  more  marked  at  the  distal  than  at  the  proximal  joints. 
Frequently  the  adducted  fingers  were  flexed  and  extended  at  their  basal  joints, 
the  index  finger  rubbing  against  the  opposed  thumb,  which  was  in  syn- 
chronous tremor.  Often  it  was  flexion  or  extension  of  the  hand  at  the  wrist, 
or  flexion  and  extension,  but  more  frequently  pronation  and  supination  at 
the  elbow.     Movements  were  less  frequently  visible  at  the  shoulder. 

Similar  tremor  was  occasionall}^  to  be  observed  in  the  left  lower  extremity, 
and,  as  in  the  arm,  more  frequently  at  the  distal  than  at  the  proximal  joints. 
It  most  often  took  the  form  of  extension  and  flexion  of  the  foot. 

The  character  of  the  tremor  was  constant,  no  matter  in  which  portion  of 
either  limb  it  was  observed.  It  was  remarkably  regular  in  rate,  and  varied 
very  little  in  amplitude,  so  that  the  movement  of  the  limb,  as  long  as  only 
one  group  of  muscles  was  involved,  was  essentially  regular  and  rhythmical, 
but  as  more  than  one  group  was  frequently  at  one  time  in  action,  the  resultant 
movement  was  often  a  compound  tremor.  It  was  slow  in  rate,  from  two  and 
a  half  to  three  oscillations  per  second,  and  of  considerable  amplitude. 

It  always  ceased  during  sleep  and  when  the  limb  was  allowed  to  lie  at 
rest,  so  supported  that  each  portion  bore  its  own  weight.  If  any  part  of  the 
limb  was  allowed  to  hang  passively  (as  the  hand  when  the  linili  was  held 
up  by  the  forearm),  the  tremor  immediately  began  at  the  most  proximal  joint 
of  the  unsupported  portion.  It  was  increased  by  any  excitement  or  agitation 
on  the  part  of  the  patient,  and  by  movement  of  the  opposite  limb.  The  move- 
ments could  only  be  inhibited  for  a  very  short  time.  Voluntary  movements 
of  the  limb  were  complicated  by  wide  irregularities  of  the  intention  tremor 
type,   but  there   was   no   other   affection   of   co-ordination. 

This  description  is  characteristic  of  a  striatal  tremor,  the  last 
sentence  indicating,  how^ever,  the  admixture  of  a  cerebellar  element. 

In  the  second  ca.se  reported  by  Holmes,  in  which  the  clinical  diag- 
nosis was  vascular  lesion  of  the  left  side  of  the  midbrain,  the  de.scrii)tion 
of  the  tremor  was  as  follows: 

Both  right  limbs  were  affected  by  tremor  wlun  tliey  did  not  lie  at  jier- 
fect  rest  with  their  muscles  completely  relaxed,  but  it  also  came  on  wlien 
each  portion  of  the  limb  was  not  so  supported  as  to  bear  its  own  weight. 
Thus,  it  was  rarely  to  be  observed  as  the  limbs  lay  in  bed  and  the  patient 
was  quiet  and  unexcited.  It  might  occur  at  any  joint,  but  in  both  arm  and  leg 
was  more  frequent  at  the  distal. 

The  most  constant  movement  was  flexion  and  extension  of  the  hand  or 
of  the  fingers  at  the  metacarpophalangeal  joints,  but  tliere  was  also  often 
adduction  and  abduction  of  the   fingers,  and  occasionally  the  thumli  might  be 
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moved  against  and  simultaneously  with  the  forefinger.  In  the  leg  flexion 
and  extension  of  the  ankle  was  most  frequently  ohserved,  also  similar  move- 
ment of  the  toes,  but  various  movements  at  the  more  proximal  joints  were 
often  present. 

The  tremor  was  generally  compound,  that  is,  it  was  rarely  limited  to  one 
grou])  of  muscles  and  their  antagonists,  so  that  the  liml)  was,  as  a  rule, 
simultaneously  moved  at  two  or  more  joints.  It  never  persisted  long  in 
any  group  of  muscles.  The  clonic  contractions  of  each  group  of  muscles 
involved  were  essentially  regular  in  rate  but  relatively  slow,  from  3  to  Zy^i 
per  second,  and  the  range  of  the  movements  was  more  or  less  regular  but 
consideral)le,  i.  e.,  the  tremor  was  slow  and  coarse.  It  ceased  everywhere 
during  sleep  and  was  increased  in  amplitude  but  not  in  rate  by  excitement 
or  agitation  and  by  forcible  movement  of  the  fellow  limb.  The  patient  was 
unable  to  check  it  voluntarily  except  by  allowing  the  limb  to  fall  relaxed  in 
perfect  rest.  There  was  marked  intention  tremor  of  l)otli  right  limbs,  i.  e., 
abrupt  deviations  from  the  direct  line  of  movement  increasing  toward  the 
completion  of  the  voluntary  act. 

Here  again  ihefe  is  ])resent  an  adini.xtnre  of  both  the  striatal  and 
cerebellar  elements  of  tremor. 

In  Case  3  the  diagnosis  was  a  left-sided  cerebellar  tumor  with 
evidences  of  extension  to  the  midbrain.  The  tremor  manifestations 
were  as  follows : 

From  this  time  till  his  death,  about  three  weeks  later,  there  was  almost 
constantly  tremor  in  all  four  limbs.  It  only  ceased  during  sleep,  or  when 
the  nmscles  were  quite  relaxed  and  the  limbs  so  supported  that  each  segment 
bore  its  own  weight.  The  tremor  commenced  at  once  when  any  of  the  mus- 
cles were  put  in  tension  or  brought  into  action,  as  when  part  of  either  limb 
was  allowed  to  hang  over  the  edge  of  the  bed,  or  when  it  was  held  up  in 
the  observer's  hand.  It  was  easily  made  out  that  the  series  of  oscillations 
were  due  to  alternate  contraction  of  the  one  group  of  muscles  and  its  antag- 
onists, i.  e.,  that  the  movements  comprised  a  true  tremor.  If  the  limbs  were 
left  in  a  suitalile  position  it  seemed  as  if  the  tremor  would  persist  indefinitely. 
It  was  forcible  and  not  easily  checked,  and  showed  very  little  tendency  to 
overflow  into  other  groups  of  muscles  when  passively  stopped  in  one  set. 
As  two  or  more  movements  might  simultaneously  occur,  the  resultant  move- 
mentment  of  the  limb  was  often  compound.  The  upper  extremities  were  more 
affected  than  the  lower,  and  the  left  limbs  very  much  more  than  the  right. 
In  the  upper  limbs  the  movements  most  frequently  observed  were  flexion  and 
extension  or  pronation  and  supination  of  the  elbows,  flexion  and  extension 
of  the  wrists,  and  flexion  and  extension  or  abduction  and  adduction  of  the 
fingers,  which  generally  remained  extended  at  interphalangeal  joints.  In 
the  lower  extremities  flexion  and  extension  of  the  ankles  and  similar  move- 
ments of  the  toes  were  the  most  frequently  present,  but  there  were  also  often 
similar  oscillations  of  the  thigh  round  the  hip  joint  and  of  the  leg  at  the  knees. 

The  tremor  was  in  every  part  regular  in  rate,  about  five,  to  six  oscillations 
per  second,  and  the  rate  did  not  seem  to  vary,  no  matter  what  part  of  any 
limb  was  affected.  It  may  be  described  as  coarse,  i.  e.,  of  large  amplitude 
and  the  range  of  oscillation  often  changed  in  a  more  or  less  rhythmical  man- 
ner, i.  e.,  the  range  of  successive  oscillations  would  slowly  increase  to  a 
certain    point    and    then    slowly   decrease.      Consequently    the    tremor   must    be 
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described  as  irregular  in  range.  He  was  unable  voluntarily  to  inbibit  tbe 
tremor,  and  its  amplitude  was  increased  by  an  excitement  or  agitation,  or 
by  forcible  movement  of  the  opposite  limbs.  The  finer  voluntary  movements, 
too,  were  complicated  by  ataxia  and  irregularity  of  the  intention-tremor  type, 
so  that  he  scarcely  found  it  possible  to  bring  his  hand  to  his  face. 

The  character  of  the  tremor  in  Hohnes'  series  of  nine  cases  is 
similar  to  the  tremor  disturbance  in  my  case  of  pseudosclerosis  with 
cirrhosis  of  the  liver.  They  all  show  clearly  the  dual  symptomatology 
of  the  striocerebellar  tremor,  l^vidences  of  the  combined  form  of 
organic  tremor  may  also  be  found  elsewhere  in  medical  literature. 

The  so-called  Benedikt's  syndrome  ^'  is  not  without  interest  in  this 
relation.  This  is  a  syndrome  caused  by  a  lesion  of  the  tegmental 
region  of  the  crus  cerebri,  the  clinical  characteristics  of  which  are  third 
nerve  palsy  with  crossed  hemianesthesia  and  hemitremor  of  the 
paralysis  agitans  type.  Pelnar,^**  in  his  monograph  on  tremor,  states 
that  an  analysis  of  the  literature  shows  considerable  variation  in  the 
character  of  the  tremor  disturbance  in  Benedikt's  syndrome,  and  that 
the  tremor  movements  are  often  more  of  the  intention  type. 

Pelnar  also  states  that  the  tremor  of  multiple  sclerosis  may 
occasionally  present  the  characteristics  of  a  tremor  of  repose  in  addition 
to  the  intention  element,  and  that  this  polymorphous  type  of  tremor  is 
especially  likely  to  occur  in  pseudosclerosis.  Strijmpell,^^  in  1897, 
analyzed  the  symptomatology  of  pesudosclerosis  and  gave  the  diagnostic 
criteria  by  which  it  could  be  differentiated  from  multiple  sclerosis.  He 
stated  that  the  tremor  is  both  rhythmical  and  of  the  intention  type. 

Hoeslin  and  Alzheimer  -'^  in  their  study  on  pseudosclerosis  state  that 
the  tremor  is  of  the  intention  type  but  that  it  also  occurs  frequently 
during  repose. 

One  of  Oppenheim's  ^^  patients  had  a  tremor  of  repose  in  the  right 
hand  and  a  tremor  of  the  intention  type  in  the  left.  In  another  case 
the  tremor  was  described  as  of  large  amplitude,  existing  during  repose 
and  appearing  also  on  intentional  movement. 

Nature  and  Locali::ation  of  Striocerebellar  Tremor. — From  the  fore- 
going description  and  quotations,  I  think  there  can  be  little  doubt  as  to 
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the  existence  of  a  tremiform  disorder  of  motility  which  combines  the 
elements  of  striatal  and  cerebellar  tremor.  The  striocerebellar  tremor 
appears  in  the  course  of  pseudosclerosis,  more  rarely  in  multiple 
sclerosis,  and  is  not  infrequently  observed  after  inflammatory,  vascular 
and  neoplastic  lesions  in  the  region  of  the  midbrain.  This  is  the 
meeting  place  of  the  efferent  systems  of  the  corpus  striatum  (pallidal 
system)  and  the  cerebellum  (dentate  system),  which  converge  and 
terminate  in  relation  to  the  ganglionic  masses  of  this  region,  of  which 
the  nucleus  ruber  is  an  especially  important  constituent. 

Holmes  was  inclined  to  attribute  the  tremor  disturbance  in  his 
group  of  cases  to  a  lesion  in  the  cerebellorubrosi)inal  system,  and  more 
especially  to  its  cerebellorubral  portion.  According  to  the  view  which 
I  have  expressed,  this  would  account  only  for  the  cerebellar  component. 
The  striatal  element  I  would  refer  to  a  lesion  of  the  striornbrospinal 
system. 

In  the  present  state  of  our  knowledge  it  would  be  unwise  to  limit 
our  anatomic  conceptions  in  the  interpretation  of  organic  tremor  to  the 
rubral  connections  of  the  corpus  striatum  and  cerebellum.  There  are 
many  other  important  nuclear  structures  in  this  region  subserving  a 
motor  function,  which  Edinger  has  grouped  under  the  general  term, 
nucleus  motorius  tegmenti.  The  striatum  and  cerebellum  both  par- 
ticipate in  the  control  of  these  subsidiary  centers,  so  that  for  the  present 
our  conception  should  include  both  striatal  and  cerebellar  components 
of  this  supraspinal  mechanism.  I  would,  therefore,  modify  Edinger's 
generalization  of  a  nucleus  motorius  tegmenti  to  include  both  a  kinetic 
and  static  representation — the  corpus  striatum  controlling  the  kinetic 
component,  and  the  cerebellum  its  static  counterpart. 

In  line  with  this  conception  I  w^ould  regard  the  striocerebellar  tremor 
as  representing  a.  disorder  of  both  sy.stems,  the  striatal  component  of 
tremor  being  referable  to  the  kinetic  system  and  the  cerebellar  to  the 
static  mechanism. 

CONCLUSION 

In  conclusion,  therefore,  I  would  postulate  the  existence  of  a  com- 
bined form  of  organic  tremor  caused  by  the  involvement  of  separate 
neural  mechanisms.  We  recognize  combined  forms  of  palsy,  central 
and  peripheral,  pallidal  ^''  and  pyramidal,  as  well  as  combined  forms  of 
sensory  disturbances  due  to  simultaneous  involvement  of  more  than  one 
system.     In  this  category  I  would  place  the  striocerebellar  tremor 
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Our  main  object  in  presenting  this  paper  is  to  report  the  pathologic 
findings  in  two  cases  of  chorea,  one  of  the  acute  and  one  of  the  chronic 
variety.  Until  recent  years  the  pathology  of  these  two  conditions  has 
been  elusive,  and  even  today  we  do  not  have  a  clear  conception  of  the 
underlying  anatomic  changes  of  the  choreas ;  this  is  especially  true  of 
Sydenham's  chorea. 

Until  Marie  and  TretiakofT,  in  1920,  reported  their  case  of  Syden- 
ham's chorea  there  was  practically  no  known  pathology  in  this  condition 
so  far  as  the  nervous  system  was  concerned.  These  writers  described 
in  their  case  findings  identical  with  those  seen  in  patients  who  died  of 
epidemic  encephalitis.  In  fact,  as  one  reads  the  re])ort  of  Marie  and 
Tretiakofif  one  wonders  whether  their  case  was  not  one  of  the 
choreiform  type  of  encephalitis. 

One  of  us  saw  a  case  in  the  winter  of  1920-1921  which  he  diagnosed 
as  a  severe  case  of  Sydenham's  chorea  in  a  boy  of  14,  who  later  in  the 
course  of  his  disease  developed  lethargy  and  other  typical  signs  of 
encephalitis  from  which  he  made  a  complete  recovery.  Had  this  patient 
died  in  the  first  stage  of  the  infection,  he  would  have  been  considered 
as  having  had  Sydenham's  chorea,  and  yet  the  outcome  proved  beyond 
a  doubt  that  it  was  a  case  of  epidemic  encephalitis.  As  further 
evidence  that  Marie  and  Tretiakofif's  case  was  not  one  of  acute  chorea 
may  be  mentioned  the  fact  that  there  were  no  signs  of  endocarditis. 

The  possible  relation  between  chorea  and  encephalitis  has  been  dis- 
cussed by  Harvier  and  Levaditi,  whose  conclusions  are:  "1.  Certain 
acute  febrile  choreas  are  brought  about  by  the  virus  of  encephalitis. 
2.  It  is  not  yet  proved  that  all  acute  febrile  choreas  are  due  to  this 
agency." 

REPORT     OF     CASES 

Case  1. — History. — A  patient  with  Sydenham's  chorea  was  admitted  to  the 
medical  service  of  the  hospital  of  the  University  of  Pennsylvania  on  July  4, 
1920.  and  was  assigned  to  the  service  of  Dr.  Alfred  Stengel. 

The  patient  was  under  the  care  of  Drs.  Stengel  and  Wolferth,  and  we  are 
indebted  to  these  gentlemen  for  the  privilege  of  reporting  this  case,  and  for 
the  use  of  the   pathologic  material  obtained   from   it. 

On  June  19,  1920,  the  patient,  who  was  a  girl,  12  years  of  age,  began  to 
have  involuntary  jcrkings  of  the  upper  extremities.     Two  or  three  days  later 


*  From  the  neurological  service  and  neuropathologic  laboratory  of  the 
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versity of  Pennsylvania. 
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the  movements  involved  the  head  and  the  tongue  and  then  tlie  lower  extremi- 
ties. At  the  time  of  her  admission  to  the  hospital  she  could  not  talk  and  was 
confined  to  bed.  Physical  examination  revealed  a  well  nourished  child  with 
typical  choreiform  movements  involving  all  four  extremities,  the  trunk,  the 
head  and  the  tongue.  A  systolic  murmur  was  heard  at  the  mitral  and  pul- 
monic areas.     The  blood  examination   showed  an  eosinophilia  of  6  per  cent. 


Fig.  1  (Case  2). — Horizontal  section  of  hemispheres,  showing  dilatation  of 
ventricle  and  atrophy  of  caudate  and  lenticular  nuclei. 

For  six  days  following  her  admission  her  temperature  was  at  or  near  nor- 
mal, but  after  that  it  showed  some  variations,  the  temperature  going  as  high 
as  101  to  102  F.,  and  even  as  high  as  105  degrees  before  death. 

Necropsy  Examination. — This  revealed  vegetations,  semisoft  but  well  attached 
on  the  auricular  side  of  the  mitral  leaflets.  These  vegetations  averaged  1  to 
2  mm.  in  size.    All  the  other  valves  were  normal.     A  thorough  and  systematic 
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examination  was  made  of  the  brain  with  special  reference  to  the  basal 
ganglions.  In  this  study  the  toluidin  blue,  Weigert;  phosphotungstic  acid 
hematoxylin,  Alzheimer-Mann,  Marchi,  Bielschowsky  and  hematoxylin  and 
eosin  stains  were  used.  It  is  entirely  proper  to  state  at  this  point  that 
absolutely  no  changes  were  found  in  the  brain  that  could  not  be  attributed  to 
the  acute  febrile  condition  from  which  the  patient  suffered  for  some  days 
before  death.  No  changes  were  found  which  in  any  way  approached  the  find- 
ings which  Marie  and  Tretiakoflf  described  in  their  case  of  Sydenham's  chorea, 
a  case  which  was  probably  one  of  epidemic  encephalitis. 


Fig.  2  (Case  2). — Basal  ganglions.  Note  atrophic  striatum,  caudate 
nucleus  and  putamen  and  absence  of  internuclear  fibers.  Nc.  indicates  the 
caudate  nucleus;  Put.,  the  putamen;  Thai.,  the  thalamus.     Weigert  stain. 


(3^SE  2. History. — The  case  of  chronic  chorea  which   wc  have  to  report  is 

that  of  a  man  who  was  a  patient  in  the  Philadelphia  Hospital  for  some  years. 
He  died  on  the  service  o^  Dr.  T.  H.  Weisenburg,  and  we  are  deeply  indebted  to 
him  for  the  courtesy  which  he  has  extended  in  permitting  us  to  use  this  valu- 
able  case. 

A  white  man,  52  years  of  age,  was  admitted  to  the  Philadelphia  Hospital 
on  Jan.  25,  1905,  and  died  on  March  3,  1917.  His  family  history  is  one  show- 
ing a  marked  degenerative  defect  as  eight  of  his  blood  relations  have  had 
Huntington's  chorea;  other  members  of  the  family  have  been  insane.  The 
man's  choreiform  movements  began  in  1910,  and  shortly  afterward  he  began 
to   show   mental    symptoms,  chiefly  those   of  a   simple  dementia.     The   chorei- 
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form  movements  affected  his  entire  Ijody,  and  involved  to  a  marked  degree 
the  muscles  of  his  trunk  and  pelvis.  His  gait  was  rendered  extremely  bizarre 
by  these  movements,  the  unusual  thing  in  his  gait  being  a  series  of  bowing 
movements.  Some  considered  this  a  case  of  dystonia  musculorum  deformans. 
iVrcropsy  Exainiiiatioii. — The  brain  appeared  to  be  what  we  have  chosen  to 
call  "paretic  looking."  The  cerebrum,  cerebellum,  brain  stem  and  spinal  cord 
were  smaller  than  normal.  The  convolutions  were  atrophic  and  the  fissures 
widened,    this    being    especially    evident    over    the    frontorolandic    areas.      The 
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Fig.  3    (Case  2). — I'utauicn,  showing    lyiiical  astrocylcs,  11.     I'husphuUmgstic 
acid  hematoxyhn  stain  ;  X  368. 


pia-arachnoid  was  everywhere  thickened,  but  to  a  more  marked  degree  over 
the  anterior  half  of  the  brain  where  it  concealed  the  underlying  structures 
by  its  opacity.     Decortication  could  be  performed  without  tearing  the  cortex. 

Cross  section  of  the  1)rain  in  the  usual  manner  showed  that  the  ventricles 
were  dilated  (Fig.  1)  and  that  the  basal  ganglions  were  small  in  proportion 
to  the  rest  of  the  brain.     The  cortex  was  visibly  narrowed,  especially  anteriorly. 

The  microscopic  method  of  examination  included  large  sections  from  dif- 
ferent areas   of  the   cerebrum,   brain   stem,   cereliellum.   spinal   cord   and   serial 
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sections   through   the   basal   ganglions    and    hjpothalamic    region.     The    stains 
used  were  the  same  as   in  the  preceding  case. 

The  Cortex. — Weigert  stain  showed  atrophic  convolutions  separated  by 
widened  fissures  and  a  narrow  cortex  with  loss  of  manj^  of  the  myelinated 
fibers  in  all  layers,  most  noticeable  anteriorly.  With  toluidin  Ijlue  the  cyto- 
architecture  was  profoundly  altered,  so  much  so  that  the  normal  relationship 
could   not  be   recognized.     An   occasional    Betz   cell    remained   to    identify   the 
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Fig.  4. — Normal  putamen.     Note  satellitosis  around  large  ganglion  cells  at  A. 
Toluidin  blue ;  X  57.     (Use  hand  lens.) 

motor  area.  The  ganglion  cells  throughout,  but  especially  in  the  fronto- 
rolandic  cortex  were  decreased  in  number,  and  diseased.  Those  which  remained 
exhibited  various  forms  of  acute  and  chronic  cell  change,  such  as  simple 
chromatolysis,  axonal  degeneration,  Nissl's  severe  cell  disease  and  atrophy. 
The  silver  impregnation  stains  confirmed  the  findings  obtained  with  toluidin 
blue.  The  vessels  were  not  increased  in  number,  but  they  showed  distinct 
sclerosis  and  hyaline  degeneration;   for  the  most   part  the   i)crivascuiar   spaces 
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were  dilated,  containing  only  the  products  of  l)rain  degeneration  which  at 
first  glance  simulated  the  cuffing  witli  lymphocytes  and  plasma  cells  found  in 
paresis.     Glia  cells  were   increased   in  numljer. 

The  pia-arachnoid  showed  distinct  thickening,  due  to  a  connective  tissue 
proliferation  and  containing  within  its  meshes  cells  which  on  differential  stain- 
ing proved  to  be  gitter  cells  with  a  tendency  to  agglutinate  in  the  region  of 
fissures  and  about  the  vessels.  Amyloid  bodies  were  present,  especially  in 
the  outer  layers  of  the  cortex  and   in   relation  to  the  ventricles,  showing  that 
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Fig.  5  (Case  2).— Caudate  nucleus.     Note  intense  glial  infdt ration.     Phospho- 
tungstic  acid  hematoxylin  stain ;   X  57. 

there  was  a  slow  degenerative  process  going  on.  Although  sought  for,  no 
foci  of  degeneration  were  found  as  described  by  Klebs,  Oppenhcim  and  Hoppe, 
Marie  and  Lhermitte  and  others;  nor  were  plaques  found  such  as  are  seen 
in  senile  dementia  and  at  times  in  senility.  The  central  white  substance 
showed  atrophy  of  the  projection  system  of  the  cortex  with  replacement  by 
neuroglia  fibers  arranged  similarly  to  the  destroyed  fibers,  showing  that  the 
process   had   taken  place   slowly. 
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The  Cerebellar  System. — In  the  study  of  large  sections  of  the  cerebellum, 
including  serial  sections  of  the  dentate  nucleus,  nothing  of  note  was  found 
except  a  smallness  of  all  the  structures.  There  were  no  areas  of  softening. 
The  pontile  nuclei,  red  nuclei  and  olives  were  intact. 

Tlte  Central  Ganglions. — As  shown  in  Figure  2,  with  the  Weigert  stain  there 
was  marked  atrophy  of  the  central  ganglions,  particularly  of  the  caudate  and 
lenticular  nuclei.  As  can  be  seen,  the  caudate  was  distinctly  shrunken ;  the 
putamen  was  apparently  more  involved  than  the  globus  pallidus.  The  thalamus 
was  relatively  intact.  The  internal  capsule  stained  well,  showing  no  areas  of 
degeneration,  and  its  dimensions  were  in  proportion  to  the  size  of  the  brain. 
The  internuclear  fibers  which  take  origin  in  the  small  cells  of  the  caudate 
nucleus  and  putamen  (the  striatum  of  C.  and  O.  Vogt)  were  absent.  Serial 
sections  through  the  hj-pothalamic  region  revealed  no  degeneration  of  the  pro- 
jection fibers  (striothalamic,  striosubthalamic  and  striomesencephalic  radiations). 

Alore  minute  histologic  study  showed  that  the  nerve  cells  had  practically  all 
disappeared  from  the  caudate  and  putamen,  with  only  a  few  of  the  smaller 
and  some  of  the  larger  motor  type  (Malone)  of  cells  remaining.  The  phospho- 
tungstic-acid  hematoxylin  stain  showed  an  extreme  proliferation  of  the  glial 
elements,  especially  of  the  astrocytes  (Fig.  3),  which  had  a  tendency  to  collect 
about  the  vessels.  As  could  be  seen  in  the  gross,  the  globus  pallidus  (the 
pallidum  of  C.  and  O.  Vogt)  was  much  less  involved.  The  characteristic  large 
cells  were  present  in  the  usual  number.  Glia  cells  were  slightly  increased, 
although  astrocytes  were  rare.  In  the  thalamus,  there  were  atrophic  lesions  of 
the  cells  with  a  glial  proliferation,  but  infinitely  less  intense  than  in  the  striatum. 
The  vessels  showed  the  same  changes  as  found  in  the  cortex — thickening  of 
their  walls,  and  occasional  perivascular  collections  of  degenerated  material.  No 
foci  of   degeneration   were  seen. 

The  spinal  cord  showed  no  pathologic  condition,  and  the  liver,  except  for 
congestion,  was  normal. 

COMMENT 

The  changes  found  in  the  case  of  Huntington's  chorea  are  distinct 
and  rather  widesj^read,  involving  the  f  rontorolandic  cortex,  the  meninges, 
the  vessels,  the  caudate  nucleus  and  putamen,  v^ith  an  escape  of  the 
globus  pallidus  and  the  optic  thalamus.  It  is  worth  noting  at  this 
point  that  desjiite  the  extensive  cortical  and  striatal  changes,  no  sec- 
ondary degeneration  was  found  in  the  pyramidal  tracts  or  in  the  extra- 
pyramidal system.  The  fact  that  the  caudate  and  juitamen  are  selected 
in  this  disease  with  an  escape  (jf  the  globus  pallidus  is  easily  explainable 
when  it  is  realized  that  the  striatum  is  developed  from  the  same  part  and 
is  leally  one  body  separated  in  man  by  the  passage  of  the  anterior  fibers 
of  the  internal  capsule.  As  is  well  known,  the  globus  pallidus  is  com- 
posed of  large  ganglion  cells,  which  Malone  has  shown  to  be  related  to 
the  motor  system  in  their  general  structure.  Some  of  these  cells  are 
scattered  in  the  caudate  and  putamen,  and  they  arc  relatively  uninvolved. 
It  is  the  small  type  of  cell  which  bears  the  brum  of  the  ])athologic 
process. 

We  were  disa])pointed  in  the  absence  of  pathologic  findings  in  the 
case  of  acute  chorea,  esjjecially  so  because  Marie  and  Tretiakofif  found 
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such  marked  alterations  in  their  ease.  Our  case  was  unclouljtedly  one 
of  Sydenham's  chorea,  the  diagnosis  heing  hased  on  the  type  of 
irregular  movement  seen,  the  presence  of  endocarditis  and  eosinophilia. 
The  case  was  not  one  of  encephalitis,  hecause  the  lesions  of  that  disease 
were  ahsent.  We  believe  that  in  the  course  of  Sydenham's  chorea 
cerebral  changes  must  occur,  but  modern  methods  have  so  far  failed  to 
reveal  them.  Care  must  be  taken  in  the  interpretation  of  the  various 
sections  taken  from  the  basal  ganglions,  because  in  control  sections 
made  from  relatively  normal  persons  the  same  cell  changes  were 
demonstrated  as  in  the  case  of  Sydenham's  chorea.  As  Bielschowsky 
has  shown,  the  collection  of  cells  around  the  large  motor  type  of 
ganglion  cell  in  the  corpus  striatum  will  occur  under  normal  conditions, 
an  indication  of  the  fragility  of  these  elements.  This  was  found  in  the 
case  of  Huntington's  chorea,  but  not  to  a  greater  extent  than  in  a 
normal  case.  There  was  no  appreciable  change  in  the  smaller  ty])e  of 
cell  in  the  case  of  Sydenham's  chorea,  in  the  s])ecimen  of  which  the 
subthalamic  region  was  normal  and  no  cortical  alterations  were  noted. 
The  vessels  were  all  markedly  congested,  but  not  more  than  is  usual 
in  a  patient  dying  of  pneumonia  or  any  other  infectious  disease.  No 
thrombosed  vessels  were  found. 

The  symptomatology  of  the  corpus  striatum  is  being  slowly  evolved, 
due  in  large  measure  to  the  work  by  S.  A.  K.  Wilson,  Mills,  C.  and  O. 
Vogt.  Hunt,  Spiller,  Marie  and  others.  It  is  worth  noting  that  our 
knowledge  of  the  functions  of  the  corpus  striatum  has  been  derived 
largely  from  clinicopathologic  study,  and  while  our  presentation  is  of 
small  moment,  it  may  add  a  little  to  the  sum  total  of  our  knowledge. 

SUMM.ARY 

1.  A  clinicopathologic  study  was  made  of  a  case  of  Sydenham's 
chorea  and  of  one  of  Huntington's  chorea. 

2.  In  the  typical  case  of  Sydenham's  chorea  a  mitral  endocarditis 
was  found.  The  pathology  in  the  brain  of  acute  cell  changes  with  the 
marked  congestion  can  be  attributed  to  the  acute  infectious  disease  from 
which  the  patient  died. 

3.  In  the  case  of  chronic  chorea  the  process  involved  mainly  the 
striatum  (caudate  and  putamen)  and  the  cortex;  the  changes  being 
typical  of  a  chronic  degenerative  ])rocess  in  these  parts,  selective  in 
action. 

4.  No  relationship  could  be  found  between  the  acute  and  chronic 
varieties  of  chorea. 

5.  The  findings  of  epidemic  encephalitis  were  not  present  in  our 
case  of  Sydenham's  chorea.  When  such  are  present,  as  in  Marie's 
case,  we  believe  them  to  be  the  result  of  the  epidemic  forms  of 
encephalitis  and  not  ordinary  types  of  acute  chorea. 
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The  primary  function  of  the  cerebellum  is  the  synergic  control  of  all  move- 
ment. Alteration  in  posture  and  in  tone  are  consequent  to  the  disturlmnce  of 
synergy.  Most  authors  in  discussing  lesions  of  the  cerebellum  ignore  the  pos- 
sibilit}'  of  focal  symptomatology  and  take  for  granted  that  a  lesion  in  any 
portion  of  the  cerebellum  may  give  the  same  group  of  symptoms. 
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The  various  acute  emotional  psychoses  on  the  basis  of  congenital  abnor- 
malities, imbecility,  degeneracy,  paranoia,  etc.  Paranoia  on  the  basis  of  men- 
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The  liberation  of  the  forelimbs  from  functions  of  locomotion  and  the  for- 
mation f)f  definitive  hands  vi'ere  accompanied  by  the  development  of  corre- 
lated structures  in  the  brain.  The  brains  of  animals  having  free  use  of  the 
forelimbs  as  hands  attain  the  highest  degree  of  structural  development.  From 
comparative  studies  it  is  evident  that  animals  possessed  of  such  highly  devel- 
oped brains  are  capable  of  the  most  complex  behavior,  and  such  behavior  is 
in  its  turn  but  an  index  and  expression  of  the  most  highly  developed  intelligence. 

The  freeing  oi  the  hand  from  purposes  of  locomotion  created  a  new  instru- 
ment for  evolutional  adaptation.  The  hand  became  the  most  acquisitive 
explorer  in  the  realm  of  consciousness;  it  discovered  and  established  self- 
consciousness;   it  demanded   the   existence   of  new    cortical   fields   in   the   brain 
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to  accommodate  the  rapid  ex])ansion  of  sensory  experience  arising  out  of  a 
constantly  increasing  manual  dexterity.  It  became  the  most  plastic  agent  of 
construction  and  destruction  in  the  concrete,  the  most  effective  incentive  to 
synthesis  and  analysis  in  the  alistract.  Xo  single  factor  has  heen  of  greater 
importance  in  the  evolution  of  intelligence  than  the  hand.  In  education  that 
fact  is  either  overlooked  or  not  thoroughly  evaluated.  This  agency,  the  hand, 
which  was  most  cogent  in  evolving  human  intelligence  before  and  during  the 
dawn  of  mankind,  could  certainly  lie  utilized  to  greater  advantage  than  at 
present  in  the  early  unfolding  of  individual  consciousness  during  infancy  and 
childhood.  This  is  a  conception  which  needs  embodiment  in  the  principles  of 
modern  education  as   well   as  adequate   expression   in   pedagogic  methods. 
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Case  reports.  Difficulties  in  diagnosis.  Resemblance  of  the  disease  to 
poliomyelitis,  poliencephalitis,  and  to  the  nuclear  and  cortical  degenerations 
met  with  in  cerebrospinal  syphilis.  One  instance  of  coexistence  of  lethargic 
encephalitis  and  cerebrospinal   syphilis. 


CHROXIC      PROGRESSI\'E      SUBCORTICAL 
ENCEPHALOPATHY 
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NEW    YORK 

The  term  "interstitial  encephalitis"  was  introduced  I)y  X'irchow  in  1885. 
He  described  a  process  of  "fat  metamorphosis"  in  the  glial  elements  of  the 
new-born  and  infants.  Large  numbers  of  what  are  known  today  as  "granular 
cells"  were  found  by  him  aggregated  in  the  white  substance  of  the  subcortical 
regions  of  such  brains.  He  understood  it  to  be  an  inflammatory  process,  result- 
ing in  degenerative  lesions.  He  was,  however,  confrontefl  with  the  exhaustive 
work  of  von  Jastrowitz.  who  studied  a  large  number  of  brains  of  infants  who 
died  from  various  causes  in  the  first  five  months  of  life,  and  concluded  that 
the  relatively  large  number  of  diffusely  scattered  granular  cells  is  a  physio- 
logic phenomenon.  This  interpretation  of  the  significance  of  the  granular  cells 
in  the  brain  of  the  infant  has  led  to  the  formation  of  two  opposing  views,  and 
many  studies  and  case  reports  were  offered  in  support  of  either  side. 

The  case  herewith  reported  fits  well  in  with  the  group  created  by  Virchow, 
and  histologically  shows  many  of  the  features  found  in  congenital  interstitial 
encephalitis,  as,  for  instance,  the  presence  of  large  numbers  of  granular  cells  ; 
but  it  also  presents  many  other  features,  w-ell  brought  out  by  the  more  modern 
methods   of  staining,  which   point  to   the  degenerative   character   of  the   lesion, 
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rather  than  inflammatory,  as  the  term  "enceplialitis"  would  indicate.  It  is 
for  this  reason  that  the  term  "chronic-progressive  encephalopathy"  is  suggested. 

The  clinical  history  of  the  case  presents  the  following  important  facts:  A 
child  3y2  years  of  age,  was  a  small,  healthy  l)al)y  at  liirth.  of  healthy  parents, 
and  normal  delivery.  The  child  was  well  up  to  1  year  of  age.  At  that  time  it 
developed  intense  gastro-intestinal  upset,  lasting  three  weeks,  from  which 
there  was  an  apparently  good  recovery.  Eight  and  a  half  months  l)eforc 
admission  to  the  hospital,  it  suffered  an  attack  of  vomiting,  which  lasted  one 
day.  It  was  associated  with  slight  rise  in  temperature.  Again  there  was  a 
good  recovery.  One  week  later  the  child  fell  from  a  chair,  fracturing  the 
left  forearm.  A  good  recovery  followed,  Inil  four  weeks  later  the  child  fell 
again,  causing  fracture  of  the  same  arm.  The  child  has  never  walked  unsup- 
ported, hut  for  the  last  eight  months  the  gait  has  been  markedly  impaired, 
and  for  the  past  three  months  the  child  has  stopped  walking  altogether.  There 
was  stiffening  of  the  knees.  The  child  also  woke  up  at  night  crying,  with 
the  legs  drawn  up  as  if  in  pain.  Stiffening  of  both  upper  and  lower  extremities 
followed,  and  the  child  could  not  use  them.  \\'ith  this  there  developed  impair- 
ment of  speech,  and  for  the  last  two  nidutlis  the  patient  has  been  unal)le 
to  speak. 

Anatomic  findings  :  The  striking  gross  anatomic  changes  in  the  lirain  were 
found  in  the  increased  consistency  of  the  lirain  substance.  The  cerebral  and 
cerebellar  hemispheres  were  firm  and  ru1)bery.  as  though  fixed  in  formaldehyd. 
There  was  no  gross  evidence  of  an  inflammatory  process,  either  in  the  brain 
or  in  the  meninges.  There  were  no  vascular  changes,  though  the  increase  in 
consistency  was  evident  in  both  the  white  and  gray  sulistance  of  the  brain ; 
the   white   matter   was   particularly   hard. 

The  microscopic  findings  can  be  summarized  as  follows  :  The  dominant 
pathologic  changes  were  restricted  to  the  subcortical  regions  of  the  cerebral 
and  cereliellar  hemispheres,  and  of  the  brain  stem,  to  a  lesser  degree.  These 
changes  were  almost  entirely  degenerative  in  nature,  characterized  by:  (1) 
diffuse  distribution  of  granular  cells  loaded  with  fat  granules,  (2)  accumula- 
tion of  similar  phagocytic  cells  in  the  adventitial  coats  of  the  blood  vessels. 
(3)  arrangement  of  such  cells  along  the  course  of  nerve  fibers,  (4)  degen- 
erative changes  in  the  myelin  sheath  and  axis  cylinder  of  new  fibers,  (5)  the 
proliferation  of  glial  elements  and  the  ajipearance  of  large  numbers  of  fiber- 
forming  glial   elements. 


A     CASE     OF     LOCALIZED     MiriW.S'lWTIC     TRANSVERSE 
MYELITIS    OF    THE    SPIXAl,    CnUl)    WITH    ABSCESS 

formation    of    pneumococcal    origin, 

with  primary  focus  ix  a  bronchi- 

j:ctatic   cavity   of   lung 

C.     C.     RKLINT;,     M.D.,    AND     H.     S.     MARTLAXD.     M.D. 

(By  Invitation) 

newark,  n.  j. 

duration  oi  illness  about  eight  weeks.  Initial  symptom,  jiain  in  the  left 
side  of  chest  increased  on  deep  breathing,  continuing  ])ersistently  for  about 
six  weeks,  unimproved  by  treatment,  followed  by  sensory  disturbances   in   feet. 
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and  rapid  devcltjpmcnt  of  a  complete  transverse  lesion  at  the  level  of  the 
ninth  dorsal  segment.  Diagnosis  of  a  malignant  growth  was  made.  Operation 
not  advised.  Death  fifteen  days  after  admission  to  hospital.  Necropsy  revealed 
localized,  suppurative  myelitis  of  cord,  containing  gram-jxtsitive  coccus,  and 
bronchiectatic  abscess  of  the  lower  lobe  of  the  right   lung. 


AMYOTONIA     CONGENITA 
GIVEN     CAMPBELL,     M.D. 

ST.   LOUI.S 

Remarks   concerning   classification   of   condition   and  clinical    separation   of 

same    from    the    muscular    atrophies.      Reports    of    two  cases,    one    associated 

with    epilepsy    and    with    extreme    sensitiveness    of    skin  to    both   bromids    and 
phenobarbital. 


i 


RC 


StKlAL 


American  Neurological  Asso- 
-'^o       elation 

1922         Transactions 


GERSTS 


lll!inil;'iiil'iniMl!.'i!! 


